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THE FEDERAL GOVERNMENT AND THE
UNIVERSITY RESEARCH INFRASTRUCTURE

TUESDAY, MAY 21, 1985

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

TASK FORCE ON SCIENCE POLICY,
Washington, DC.

The task force met, pursuant to call, at 10:10 a.m., in room 2318,
Rayburn House Office Building, Hon. Don Fuqua (chairman of the
tcsk force) presiding.

Mr. FUQUA. This morning our task force begins 2 days of hear-
ings on an important but complex issue, that of the Federal Gov-
ernment's role in providing a research infrastructure at the Na-
tion's research institutions.

ThiS is aiv issue which, since 1945, seems to come before us peri-
odically. Thus we saw in the 1960's, both the National Science
Foundation and Natidnal Institutes of Health provided extensive
support for research facilities and training facilities. In the1970's,
little concern was expressed about the need for such a role until
the end:of the decade when the instrumentation obsolescence issue
was raised, and in the last 2 .years, the request for buildings and
building modifications has again come before us.

In addition, our committee has also had to provide for newly
emerging infrastructure needs such as supercomputers. These indi-
vidual research support requirements are all part of the broader
set of needs which taken together have come to be termed "re-
search infrastructure." This includes in addition to buildings, in-
struments, and computirs, such things as research libraries, re-
search hospitals, and a wide range of research support personnel
such as technicians, assistants, and secretarial staff. In these hear-
ings we have begun our inquiry into what the long-term needs for
infrastructure support are likely to be and what the role of the
Federal Government should be in meeting those. needs. We expect
to learn what the )ther sources of support are, such as State gov-
ernment, private giving, and an extensive system of indirect cost
payments which are providing to support and maintain research
infrastructure.

We also want to explore the alternative mechanisms that may
have been available to provide Federal support for research infra-
sL'ucture. Should separate categorical programs for the support of
individual infrastructure needs, such as, for example, instrumenta-
tion and supercomputers, be put in place? Should more general in-
stitutional support programs giving more latitude for the individ-

(1)
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ual institutions be used? Or would it be better to increase signifi-
cantly the payments of indirect costs and through this mechanism
provide the funds for infrastruture needs?

All of. these are difficult and important questions. We are de-
lighted to have a group of outstanding witnesses to discuss them
with .us today.

We begin with Benjamin Healy, Deputy Director of the Office of
Science and Technology Policy, Executive Office of the President.

Did I say Benjamin? I am sorry, I apologize.
I need new glasses, I guess.
Thank you very much, we will be delighted to hear from you.
[A biographical sketch of Dr. Healy fellows.]

BERNADINE iiagr.Y, m.D.1

Dr. Bernadine Healy is Deputy Director of the Office of Science and Technology
Policy, Executive Office of the President. Her appointment was made by President
Reagan and confirmed by the Senate in June of 1984. Prior to that time she was
Professor of Medicine at The Johns Hopkins Hospital and School of Medicine.

Dr. Healy was born in New York City, completed secondary school at,the Hunter
College High School, graduated from Vassar 'College, summa cum laude, in 1965,
and the Harvard Medical School, cum laude, in 1970. She completed advanced post
graduate training in internal medicine, anatomic pathology, and cardiovascular dis-
ease at The Johns Hopkins School of Medicine. She joined the faculty of medicine
and pathology at Johns Hopkins in June 1976 where she had clinical responsibilities
:tnd ran an active research program in cardiovascular pathology. In 1977 she
became Director of the Coronary Care Unit of The -Johns Hopkins Hospital. In 1979
she assumed the additional role of Assistant Dean for Poet Doctoral Programs and
Faculty Development, a position which included responsibilities for approximately
900 post graduate physicians, and policy issues regarding appointment and academic
advancement of the medical faculty.

Dr. Healy has been President of the American Federation of Clinical Research
(AFCR), and was Chairman of its Public Policy Committee. She is on the Board of
Directors of the American Heart Association, is Chairman of the Scientific Sessions,
and has served as Vice President and Chairman of the Research Committee of the
Maryland afrdiate. She has served on the Board of Governors of the American Col-
lege of Cardiology, was a member of several Advisory Committees to the National
Heart, Lung and Blood Institutes and the Cardiovascular Devices Committee of the
Food and Drug Administration.

Dr. Healy is the author or co-author of nearly 200 medical and scientific articles,
mostly in the area of cardiovascular research and medicine, and has served on the
Editorial Boards of numerous scientific journals. She has been a member of the
Board of Directors of the Stotler Research Fund for Women Physicians. Dr. Healy is
a recipient of the 1983 National Board Award for Medicine of the Medical College of
Pennsylvania and is a member of several honorary societies, including PH Beta
Kappa, Alpha Omega Alpha, and the American Society of Clinical Investigation.

PI her present position at OSTP she is involved in life sciences and regulatory
issues; lb the OSTP representative to several panels including the National Cancer
Advisory Board and the National Heart, Lung, and Blood Institute Council; is execu-
tive secretary of the White House Science Panel's Study on the Health of the Uni-
versities; and chairs the White House Cabinet Council

Study
Group on Biotech-

nology.

STATEMENT OF DR. BERNADINE HEALY, DEPUTY DIRECTOR,
OFFICE OF SCIENCE AND TECHNOLOGY POLICY, EXECUTIVE
OFFICE OF THE PRESIDENT, WASHINGTON, DC
Dr. HEALY. Thank you, Mr. Chairman.
I am pleased to be here today to discuss one of the most impor-

tant issues affecting the future of our Nation: the health of our
university system, and specifically, the condition of the research fa-

Dr. Healy (formerly Bernadine Healy Bulkley).
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cilities and equipment in our universities and colleges. I would like
to confine my remarks today to the policy issues we face, on the
assumption that my colleagues from the universities and industry
are in the best position to provide an accurate picture of the physi-
cal condition of research infrastructure in our universities.

Assessing the condition of university research infrastructure is
not an easy task. Each university has unique needs and long-term
objectives, and is at a unique stage of its own physical and intellec-
tual development. Estimates of the cost of renovating and modern-
izing the university research infrastructure ranges from about $5
billion to over $20 billion in a period of around 5 years. To get
more specific than that often requires arbitrary judgments.

What we do know is that present conditions do not make us espe-
cially comfortable about the prospects that our university system
will be able to meet our Nation's needs in coming years.

As many of you are aware, for the past year, a Panel of the
White House Science Council has been studying the health of our
university system. The Panel was asked to address one fundamen-
tal question: "Are our colleges and universities prepared to train
and educate the talent we need to remain preeminant in an age of

rapid technological change and intense competition?"
In a matter of months, the Panel, which is chaired by Mr. David

Packard, will release its report. As the Panel has addressed the
issue of infrastructure at some length, many of my remarks will
resemble those expressed in the forthcoming report. I should stress,
however, that I do not claim to speak on behalf of the Panel; and
because their work is not yet completed, I will not be able to dis-
cuss their recommendations in great detail.

The central issue the Panel is addressing is not merely whether
the universities are physically equipped, or have adequate faculty,
to train the talent our Nation needs today. The real issue is wheth-
er our Nation is in a position to ensure that the universities are
able to train such talent consistently and continuously for the fore-
seeable future. This is a subtle, but important distinction.

We are concerned about more than the specific infrastructure
problems we currently face. The American university system is dis-
tinctive in that our universities conduct research and education ac-
tivities simultaneously. In fact, in most graduate programs in sci-
ence and engineering, the graduate student is being trained while
he or she participates in research. Research in universities thus
yields a dual di7idend: talent and new knowledge. Strengthening
the research capabilities of a university by definition strengthens
the education capabilities of the university, and vice versa.

The link is important, because it is largely due to the simultane-
ous practice of research and training that America maintains such
undisputed world leadership in science. In no other nation are stu-
dents trained by such eminent practicing scientists as they are in
the United States. That we have won the overwhelming majority of
the Nobel Prizes in science in the last decade attests to that suc-
cess.

But world leadership in technology is a much more complex en-
deavor. Our technological capabil,ties reside in a complex interrela-
tionship among Government, industry, and the universities. At the
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risk of oversimplifying a bit, let me try to describe this interrela-
tionship.

Industry employs scientists and engineers to apply new knowl-
edge to specific problemsthe result of which is new technology.
The universities' role is to provide new talent, in the form of new
scientists and engineers and new knowledge on a continuous basis.
Government's role is to provide the climate that promotes the ap-
propriate investment by both the public and private sectors to meet
the Nation's present and future demands for talent and new
knowledge.

Ideally, this interrelationship is a partnership among the three
central institutions. The partnership works best through team-
work, with each er reinforcing the other's capabilities to re-
spond to the chalTens of competition and technological change.

It is indnitay that le most affected by rapid change; it is industry,
too, that most heavily depends on universities to help it adapt and
contribute to change. Of the three, industry in _particular feels the
heat of competition. Industry, therefore, is the key to the universi-
ties' ability to adapt to the changing demands of the world around
them.

The universities are uniquely able to assess their own immediate
strengths and weaknesses. The reasons Because they are nearest to
the problems, and because, in their research and teaching activi-
ties, they are made aware of society's needs, and their own institu-
tions' abilities to respond to them.

The Government is, however, the only one of the three in a posi-
tion to take the broad, long-term view. Industry is necessarily con-
cerned about the nearer termissues like the number of engineers
graduated per year in a given field. These issues are resolved in a
supply and demand interaction between industry and the universi-
ties. But the Government is in a special position to worry about
long-term issues like the productivity of the research enterprise,
the quality of the talent and new knowledge our universities
produce, the overall ability of the universities to adapt and respond
to the changing demands of industry and the rest of society, and so
on.

These are global needs vital to our Nation that the Federal Gov-
ernment must address, along with our universities, our State and
local governments and our industries.

This is why so many say that Federal funding of basic research is
an investment. The Government is not buying packages of reeearch
results; it is investing in the long -term strength of the research and
education enterprise.

So, what does this mean when we discuss the condition of infra-
structure in our universities? We all agree that there are deficien-
cies. But the central question is not so much what to do about the
present condition of the university research infrastructure. The
real question is more fundamental: Is the partnershp among indus-
try, Government, and the universities functioning in a manner
which ensures that the United States will maintain a healthy,
modern research infrastructure?

I think most of us would agree that, given its present condition,
and in spite of the strengthened commitment to the basic research
enterprise which Chairman Fuqua and the Committee on Science

12
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and Technology, and many others in Congress have shown in the
last several years, the partnership may not be adeguate to the task.
Although there has been a 30 Percent real growth in basic research
fwidifoigince 1981 and a 23 percent real growth in university basic
research andingaince 1980, there his been little emphasis on in-
frastruCture. In 'fact, none of the three partners have fully ad-
dressed' this issue m the last decade or more, although we have in
thelast few years begun to see some significant improvement.

After Sputnik, the Government began a whole series of programs
of investment in new facilities and equipment. Our research capac-
ity in this Nation expanded rapidly, and the system produced much
of the talent and new knowledge upon which today's technological
revolution is based.

But in the early 1970's, these investments were discontinued.
Construction stopped: By _the late 1970's, the universities warned
that unless the Government came up with new facilities funding,
the miearch,infrastructure was in trouble. Ldustry was making
some contributicns, but those were small compared to the benefits
they derived from the talent and new knowledge produced by the
universities.

For most of the decade of the 1970's and into the early 1980's,
the universities themselves behaved largely as dependents of the
Government, abdicating their responsibility for infrastructure and
biding their time until Federal facilities programs were resumed.
And the Government, not fully acknowledging its responsibility for
the long-term health of the system, attempted not to invest in the
research enterprise, but to procure packets of research results at
the lowest possible price.

Facilities use allowance reimbursements, for example, are based
on an average useful life of 50 years for a university laboratory.
The actual average useful life of a modern laboratory is probably
closer to 20 to 25 years, as it is for industrial laboratories. As for
research equipment, in addition to having unrealistically long am-
ortization periods-15 years, in contrast to the actual 6 to 8the
Government also micromenages the purchase of new equipment.

Although financial accountability is an integral part of good Fed-
eral management, the level of detail required. by 01VIS circular A-
110 in documenting the need for any piece of equipment costing
more than $5,000 is an unnecessary burden. The Government also
requires inventories of all research equipment owned by an institu-
tion, presumably to serve as a basis on which compare the A-110
screening documents.

Well, what should we do? Simply creating a new multibillion
dollar facilities program may, over the near term, improve the con-
dition of infrastructure, but it won't restore teamwork to the part-
nership, or prevent a boom-bust cycle. It is equally important that
change take place in the attitudes and performance of each of the
three partners.

The Government must focus on our research expenditures as in-
vesting in the research enterprise and not just procuring research
results. This means bearing the reasonable and necessary costs of
the research it sponsors. But it means more than that. As I indicat-
ed earlier, the Federal Government shares the responsibility along
with the universities to respond and adapt to the changing de-

13
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mands of society. As regards infrastructure specifically, I would say
bringing amortization periods for both facilities and equipment into
line with those for industry would' be a wise and appropriate
change. '1.4th:don, much Of, the Federal paperwork and manage-
ment associated with "University research should be reevaluated
and eliminated if inappropriate or unnecessarily burdensome.

The universities must 'assume a far more significant and respon-
sible role in managing the Nation's investment in university re-
search. The Government-university relationship should be a mutu-
ally reinforcing mutually beneficial, equal partnership. I would
like, for example, to see a system in which the universities would
be reimbursed realistically for facilities and equipment used in
Federally-sponsored research and fce the universities to take a
leadership role in identifying cost savings associated with research
overhead.

As for industry, a direct involvement by industry in the universi-
ty research process offers significant benefits to both. Direct contri-
butions of state-of-the-art research equipment, and industry-univer-
sity cooperation in its use and maintenance, is one remedy for
some of the weaknesses in the partnership. Unrestricted donations,
as well as donations toward renovation or construction of fa-
cilities, should be encouraged.

I would anticipate that some of this will cost money. But we
musts ask ourselves, can our Nation remain competitive in this fast-
changing age if we are not training the very best talent we can?
An increased 'Federal commitment to university research is indeed
an investmentan investment that we probably cannot get along
without. Because only the universities train and educate the talent
that is so central to our continued world leadership in both science
and technology, university research is the highest priority in the
civilian R&D effort.

Yet, of. the more than $20 billion we spend on civilian R&D,
about $6 billion is invested in university research. This balance
may be inapprorpiate to today's circumstances. Since the budget
'deficit forces us to select from among competing priorities, I would
stiggsat that we continue what we all began several years ago, and
redirect civilian R&D funds from loWer priority areas, particularly
technology development projects, to the highest priority, universi-
ty -bassd basic research. This would permit us to be both fiscally re-
sponsible and attentive to the need for investment in the future
growth, prosperity and leadership of our Nation.

I would be pleased to answer questions. Thank you.
[The prepared statement of Dr. Healy follows:]
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PROPOSED REMARKS OF DR. BERNADINE HEALY, M.D.
DEPUTY DIRECTOR

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
EXECUTIVE OFFICE OP THE PRESIDENT

MAY 21, 1985

Mr. Chairman, I am pleased to be here today to discuss

one of the most important issues affecting the future of our

nation: the health of our university system, and specifically,

the condition of the research facilities and equipment in our

universities and colleges. I would like to confine my remarks

today to the policy issues we face, on the assumption that my

collegues from the universities and industry are in the best

position to provide an accurate picture of the physical

condition of research infrastructure in our universities.

Assessing the condition of university research infrastructure

is not an easy task. Each university has unique needs and long

term objectives, and is at a unique stage of physical and

intellectual development. Estimates of the costs of renovating

and modernizing the university research infrastructure range

from about $5 billion to over $20 billion in a period of around

five years. To get more specific than that would require arbitrary

judgments. What we do know is that present conditions do not

make us especially comfortable about the prospects that our

university system will be able to meet our nation's needs in

coming years.



8

As many of you are aware, for the past year, a Panel of

the White House Science Council has been studying the health of

our university system. The Panel was created by Dr. George A.

Keyworth, the President's Science Advisor, who asked them to

address one fundamental question: Are our colleges and universities

prepared to train and educate the talent we need to remain

preemanant in an age of rapid technological change and intense

competition?

In a matter of months, the Panel, which is chaired by

Mr. David Packard, will release its report. As the Panel has

addressed the issue of infrastructure at some length, many of my remarks

today will resemble those expressed in the forthcoming report. I

should stress, however, that I do not claim to speak on behalf

of the Panel; moreover, because their work is not yet completed,

I will not be able to discuss their recommendations in great detail.

The central issue the Panel is addressing is not merely

.....:ther the universities are physically equipped, or have adequate

faculty, to train the talent our nation needs today. The real

issue is whether our nation is in a position to ensure that the

universities are able to train such talent consistently and

continuously for the foreseeable future. This is a subtle, but

important distinction.

If I may digress for a moment, I think I can demonstrate to _

you why we are concerned about more than the specific infrastructure
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problems we currently face. The American university system is

distinctive in that our universities conduct research and education

activities simultaneously. In fact, in most graduate programs in

science and engineering, the graduate student is being trained

while he or she participates in research. Re-earch in universities

thus yields a dual dividend: talent and new knowledge. Strengthening

the research capabilities of a university by definition strengthens

the education capabilities of the university, and vice versa.

The link is important, because it is largely due to the

simultaneous practice of research and education that America maintains

such undisputed world leadership in science. In no other nation

are students trained by such eminent practicing scientists as they

are in the U.S. That we have won the overwhelming majority

of the Nobel prizes in science in the last decade attests to

that success.

But world leadership in technology is a much more complex

endeavor. Our technological capabilities reside in a complex

interrelationship among government, industry, and the universities.

At the risk of oversimplifying a bit, let me try to describe

this interrelationship. Industry employs scientists and engineers

to apply new knowledge to snecific problems--the result of which

is new technology. The universities' role is to provide new talent,

in the form of new scientists and engineers and new knowledge on

a continuous basis. Government's role is to provide the

climate that promotes the appropriate investment by both the

17
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public and private sectors to meet the nation's present and future

demands for talent and new knowledge.

Ideally, this interrelationship is a partnership among the

three central institutions. The partnership works best through

teamwork, with each partner reinforcing the other's capabilities

to respond to the challenges of competition and technological

change.

It is industry that is most affected by rapid change; it

is industry, too, that most heavily depends on universities to

help it adapt and contribute to change. Of the three, industry

in particular feels the heat of competition. industry, therefore.

is the key to the universities' ability to adapt to the changing

demands of the world around them.

The universities are uniquely able to assess their own immediate

strengths and weaknosses. Ask a researcher which wheels need grease- -

a new NMR machine, larger computing capacity--and he or she can

answer immediately. The reason: because. they're nearest to the

problems, and beCause, in their research and teaching activities,

they are made aware of society's needs, and their own institutions'

abilities to respond to them.

The government is, however, the only one of the three in a

position to take the broad, long-term view. Industry is necessarily

`18
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concerned about the nearer term--issues like the number of engineers

graduated per year in a given field. These issues are resolved in

a supply and demand interaction
between industry and the universities.

But the government is in a special position to worry about long-term

issues like the productivity of the research enterprise, the

quality of the talent and new knowledge our universities produce,

the overall ability of the universities to adapt and respond to the

changing demands of industry and the rest of society, and so on.

These are global needs vital to our nation that the federal government

must address, along with our universities, our State and local

governments and industry.

This is why so many say that federal funding of basic research

is an investment. The government is not buying packages of research

results; it is investing in the long term strength of the research

and education enterprise.

So, what does this mean when we discuss the condition of

infrastfucture in our universities? We all agree that there are

deficiencies. But the central question, I hope I have now

explained, is not so much what to do about the present condition

of the university research infrastructure. The real question

is more fundamental: Is the partnership among industry,

government, and the universities functioning in a manner which

ensures that the U.S. will maintain a healthy, modern research

infrastructure?

; 19
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I think most of us would agree that, given its present

condition, and in spite of the strengthened commitment to the

basic research enterpise which Chairman Fuqua and the Committee

on Science and Technology, and many others in Congress have shown

in the last several years, the partnership may not be adequate to the

task. Although there has been a 30% real growth in basic research

funding since 1981 and a 23% real growth in university basic

research funding since 1980, there has been little emphasis on

infrastructure. In fact, none of the three partners have fully

addressed this issue in the last decade or more, although we have

in the last few years begun to see some significant improvement.

After Sputnik, the government began a whole series of programs

of investment in new facilties and equipment. Our research capacity

in this nation expanded rapidly, and the system produced much of

the talent and new knowledge upon which today's technological

revolution is based.

But in the early 1970s, these investments were discontinued.

Construction stopped. By the late 1970s, the universities warned

that unless the government came up with new facilities funding, the

research infrastructure was in trouble. Industry was making some

contributions, but those were small compared to the benefits they

derived from the talent and new knowledge produced by the

universities. The universities themselves behaved Yargely as

dependents of the government, abdicating their responsibility

for infrastructure and biding their time until federal facilities

20
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programs were resumed. And the government, not fully acknowledging

its responsibility for the long term health of the system, attempted

not to invest in the research enterprise, but to procure packets of

research results at the lowest possible price. Facilities use

allowance reimbursements, for example, are based on an average

useful life of 50 years for a university laboratory. The actual

average useful life of a modern laboratory is probably about

20-25 years, as it is for industrial laboratories. As for research

equipment, in addition to having unrealistically long amortization

periods--l5 years, in contrast to the actual 6 to 8--the government

also micromanages the purchase of new equipment. Although financial

accountability is an integral part of good federal management, the

level of detail required by OMB Circular A-110 in documenting the

need for any niece of equipment costing more than $5,000 is an

unnecessary burden. The government also requires inventories of

all research equipment owned by an institution, presumably to serve

as a basis on which to compare the A-110 screening documents.

Well, what should we do? Simply creating a new multi-

billion dollar facilities program may, over the near term, improve

the condition of infrastructure, but it won't restore teamwork to

the partnership. It is equally important that change take place in

the attitudes and performance of each of the three partners.

The government must focus on our research expenditures as

investing in the research enterprise and not procuring research

results. This means bearing the reasonable and necessary costs of

21
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the research it sponsors. But it means more than that. As I

indicated earlier, t.-.e federal government shares the responsibility

along with the universities to respond and adact to the changing

demands of society. As regards infrastructure specifically, I

would say bringing amortisation periods for both facilities and

equipment into line with these for industry would he a wise and

appropriate change. In addition, much of the federal paprwork and

management associated with university research should be teevaluated

and eliminated if inappropriate or unnecessarily burdensome.

Accordingly, however, the universities must assure a fa. mote

significant and responsible role in managing the nation's investment

in university research. The government-university relationship

should. be a mutually reinforci.12. mntually benoficial, equal partner-

ship. I could like, for example, to see a system in which the

universities would be reimbursed realistically for facilities and

equipment used in federally sponsored research and t.r the universities

t', take a leaders/ .p role in identifying cost savings asso iaAd

.:th'research overhead.

As for industry, a direct involvement by industry in the

university research process often; significant benefits to both.

Direct contributions of state-of-the-art research equipment,

and industry-university cooperation in its use and maintenance,

is one remedy for many weaknesses in the partnership. Unrestricted

donations, as well as donations toward renovation or new construction

of facilities, should also be encouraged.

22
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I would anticipate that some of this will cost money. But

we must ask ourselves, can our nation remain competitive in this

fast-changing age if we're not training the very best talent we

can? An increased federal commitment to university research is

indeed an investment--an investment that we probably can't get

along without. Because only the universities train and educate

the talent that is so central to our continued world leadership

in both science and technology, university research is the highest

priority in the civilian R&D effort. Yet, of the more than $20

billiOn we spend on civilian R&D, about $6 billion is invested in

university research. This balance may be inappropriate to today's

circumstances. Since the budget deficit forces us to select from

among competing priorities, I would suggest that we continue what

we all began several years ago, and redirect civilian R&D funds

from lower priority areas, particularly technology development

projects,

to the highest priority, university based basic research. This

would permit us to be both fiscally responsible and attentive

to the need for investment in the future growth, prosperity, and

leadership of our nation.

have.

I would now be pleased to answer any questions you might
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DISCUSSION

Mr. FUQUA. Thank you very much, Dr. Healy.
That was a very constructive statement, I might add.
Dr. Keyworth has testified before the committee before and dis-

cussed in generalities this same issue. The question that I guess
comes to my mind is the fact that we are talking about doubling,
the universities' capacity to produce new Ph.D.'s or even tripling it
maybe, by the year 2010 to-meet the demands that have been fore-
cast that would be required.

Now, what I am concerned about is are we just trying to meet
the current demands and not factoring in that increased number
that we are going to need? Do you have any opinion about that?

Dr. HEALY. I think I
Mr. FUQUA. I hope I am making myself clear.
Dr. HEALY. Yes, you are, and I quite agree with your concern,

and the White House Science Council Panel has been trying to
stress the fact that the issue is not whether facilities are adequate
or whether the equipment today is adequate, but what about the
long-term future? Are we strategically planning? I think this is
clearly an issue of broadest and pressing concern. I think the com-
mittee such as yours and the White House Science Panel are the
kinds that should be addressing these issues. I think industry and
the universities now are worried about their budgets and their
planning for the next 3 months and the next year.

Mr. FUQUA. You would be a hero about your comments about
Circular 110.

Dr. HEALY. Heroine.
Mr. FUQUA. Can we expect that to be implemented any time

soon?
Dr. HEALY. Any time soon? Depends how you define soon. As you

know, things don't work with real swiftness sometimes.
Mr. FUQUA. You also mentioned in your statement about the

changing of the amortization schedules and so forth. I think it
would be an excellent idea. However, that is more in the long-
range and really doesn't address the short-range situation where
we are approaching 20 years in some of those that were built in the
late 1950's and early 1960's when those programs were then in use,
plus the equipment associated with that, too. You also state that
the universities themselves behave largely as dependents of the
Government, abdicating their responsibilities and biding their time
until a Federal program on facilities is resumed. Is there anything
that can be done to change the attitude on the part of the universi-
ties?

Dr. HEALY. I think there have been signs of change. I think that
was prevalent in the 1970's when people expected big construction
grants to be resumed that we saw in the 1960's. I think that most
of our major research universities have recognized, that they
cannot afford to wait for what might come along. I think there
arewe are seeing substantial movement and more creative ap-
proaches as you have suggested in floating bond issues to renew in-
frastructure.

But I think that the problem is so large that in all likelihood the
universities, when they are doing a substantial amount of federally
sponsored research, particularly, cannot handle it alone. I think
the Government has to be a partner in it.
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To this extent, the universities that have taken the lead in start-
ing to renew their infrastructure and come up with more creative
approaches to the problem are not functioning as dependents. I
think it is important that they truly be part of that investment
partnership with the Federal Government as part of it.

Also, the State governmentsI think we are seeing a very excit-
ing motion on the part of State and local governments to become
part of. this effort both with industry and with universities.

Mr. FUQUA. Thank you.
Mr. BROWN.
'Mr. BROWN. Thank you, Mr. Chairman.
Dr. Healy, I have been looking both at your testimcny and at the

text of the National Science Engineering and Technology Policy
Priorities Act which this committee spawned several years ago, and
I am wondering if there are any defects in language of this act
which may have led.to development of some of these critical prob-
lems, such as the infrastructure problem, and while I must confess
to some pride of authorship as far as this committee is concerned
in the actI have a tendency perhaps to gloss over its deficien-
ciesnevertheless, it seems to me this act clearly places on the
Office of Science and Technology Policy the responsibility for ascer-
taining, in a long-range way, the development of problems of this
sort, and recommending to the President and to Congress strategies
for dealing with it. I sense that this 1.:-.)blem has crept up on us
without being faced up to realistically, and yet I don't see from the
standpoint of what the Congress could have done, any way to
better anticipate than to lay out the responsibilities as we have in
this act.

Can you discuss with me why broad problems of this sort can de-
velop without receiving adequate attention and sometimes narrow-
er problems? To give you an example of a narrower problem, I was
reacting in the last couple days I think it was the Scientific Ameri-
can magazine articlelamenting the lack of support for basic re-
search in mathematics, a fundamentally important field to us, and
if this is true, that for 10 years we have been neglecting this, it is a
problem that requires some action. Why are we not getting a sur-
facing of these problems in a more timely fashion and recommen-
dations for solution to them?

Dr. HEALY. Well, I think that perhaps right now we are. You can
argue why has it taken us so long, but I think that one of the
things that makes me extremely optimistic is that I think the prob-
lems of our research universities, the essentiality of our research
universities to the Nation as a whole, is being perceived in a bipar-
tisan fashion and is clearly perceived by the Congress and is per-
ceived by the administration.

I don't think it is a coincidence that, really totally independent-
l, your committee has addressed this issue and the White House
Science Office has: taken this on. I think that you may be nudging
me a bit and suggesting we may have done it a little sooner over at
OSTP, but we did start this.about a year ago and I think that both
yourthe congressional efforts and efforts of the administration
are trying to remedy perhaps this past fault which is not thinking
enough. strategically, thinking in terms of procuring packets of re-
search or putting out immediate fires, or dealing with problems in
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the next few months, rather than saying: "Is this of substantial in-
vestment that we must nurture, can we get along with boom and
bust approaches to investment, does this require a commitment?"

I think one of the fundamental problems in all our investment in
science, as well as universities, is the perception that because we
renegotiate the budget every year and go through the hassles of
the;budget process, we are somehow renegotiating the commitment
to invest in our scientific enterprise. The nature of the scientific
enterprise is one that you cannot for a moment question the impor-
tance of that investment. It is not an entitlement program. It is not
a subsidy program that can be subject to cancellation or severence;
it is the essence of our productivity and our future.

I sense, and I' suspect, you do as well, that at this point in time,
people are aware of that perhaps as never before. The problems
have been: developing a long, time. I don't see that they will be
solved overnight, but I think' there is a bipartisan and rather wide-
spread and rather vocal commitment to the fact that things must
chan

MrBROWN. Well, I obviously pick on the administration or -any
agency of it that I can from time to time, and one of the raings
that I pick on in OSTP is that rarely do they seem to have read the
act. There is, for example, within this act the emphasis upon the
importance of supporting high quality basic research which this ad-
ministration has to be commended for encouraging. On the other
hand, there is also the emphasis upon the Five-Year Outlook, and
annual reports of developing problems in science whiCh I cannot
commend this administration for doing much about and ill fact,
they seem to have shorted it considerably over the period of years.

Now, I think that is the appropriate role for us in Congress to
point out where you are doing things right and where you are not
doing things right, and I hope that we can continue that, but spe-
cifically I see nothing that represents a timely response to the ad-
monitions contained here to maintain a continuing .surveillance
over all of the aspects that relate to the health of science in this
country, and I question whether possibly your office has the re-
sources to accomplish this.

As far as this committee is concerned, I think we would like to
give you those resources but we get very little encouragement in
trying to do that.

Dr. HEALY. Well, I would agree with you, I think that the Office
of Sciei ce and Technology Policy, which is a very small policy
office within the EOP, does not have the resources to fulfill the
task outlined in the act, and I think there is no place else within
the executive branch of Government that that is being carried out
in a global way.

Sometimes even within agenciesfor example, our wonderful
NIHyou don't even have a global strategic look at the overall $5
billion investment there. It tends to be separated up into individual
institutes. So I think that the importance of strategic 5-year looks
at our overall research enterprise, both within very broad categori-
cal areas and also across the Government in general when we are
investing $50 billion in research, is important.

I would agree with you. It must be done better than it is being
done. As you know, the President's Commission on Industrial Com-
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petitivenesi3 recommended that there be a Department of 'Science.
And I-really believeand as you knoW Dr. Keywartla in the Office
has supported,:thatarid l`belieye that that %vap lot a self-serving
support, but rather' a recognition 'of the fact that when you have
something which-ii.sa essential 'to the fabric of our Nation, it af-
fects all4alksof -life, all people, and that you don't have a coordi-
,natec opportunity within the administration to look at science in
Pits broadest pespective, to bring it to the table, to examine it in a
-strategic- :way; thatithera is a, problem: It needs to be remedied. I
think the support for the Department,of Science and Technology
Was not a bureaucratic escalation. It really was an attempt in part
to: respond to the: very spirit, of that act you are speaking about.

Mr.,Bsovar. Lsensed that-that was-the case, and I commend the
restilts,Of that 'work I note also looking at broad approaches to
some s.of the -problems in science, at face us, that the National
Academy b-IS recently done a °study of international competitive-
nescof some of Our bask industries. I would suspect that that was
eivimaccustoined task for the Academy because. they had to look at
a.,Widerangauf nonscientific problems that relate and .couple that
Witlythe science ,andteelinology problems in order to reach a con-
clusion. But they did and they emerged with some rather good re-
sults, in my opinion. If the Academy can go through that strain, I
'don't see why :the Office of the President cannot go through that
strain and tie together some of these pressing national problems
and this is the language, the authority is contained in the language

, of the act.
There, is no question about that. But there is reluctance in any

administration I am not just Ticking on this oneto carry out
functiOne .which. they don't quite perceive,, they don't quiteit
doesn't quite fit into their priority scheme for, meeting the needs of
the country. We Suffer as a ceisequenCe Of. that.

Dr. IFALY. Well, believe it or not, I 'read that act in great detail
and I think that it shciuld be taken seriously and often the advice
of acts'like that need to be accompanied by a check.

Mr. IiitoiWk. We sometimes find that Science Advisors are not
willing to admit, that until after they have left office, however.

- HEALY.I hopithit is not a premonition.
Mr. BROWN. Thank
'Mr. FUQUA.,Thank yen.
Mr. Lujan.
Mr. LUJAN. Thank you, Mr: Chairman.
I think my colleague from California missed the last point that it

ought to be accompanied' by a check. He didn't comment on that.
I think you have made an excellent presentation, which you

made very well, to show the relationship between industry, univer-
sities and the Government and what each of our responsibilities
are. There is an emphasis as there should- be in this particular
hearing on university reaaarch. And with that emphasis, and
coming from the office that you doDr. KeywOrth maybe right at
the. very beginning; as a matter of fact, got into trouble with some
of his colleagueS atthe GoVernictent laboratories by saying more of
this should be done over at the university level rather than the
Government laboratories=at least that is what I understood at the
time, being a great advocate of the laboratories since they exist in
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my home district. But is it the feeling of OSTP that we don't do
enough in university research? You mentioned $6 billion of the $20
billion in civilian research, that only that amount goes to universi-
ties. You don't:think that is enough?

Di..}1EALi. Well, I think that I don't have the means to answer
that question, but I think that question needs to be asked and I
think that is a fundamental and quite strategic question that needs
to be asked.

Is it roughly $16 billion being spent in our Federal laboratory
systems.

Mr. LUJAN. If jou take defense it is 40.
Dr., HEALY. It is more, yes. One question is not necessarily to dis-

mantle our Federal laboratory systems, which are superb, but
rather-to-ask whether there could be better use of those facilities
by Some of our private research :universities, more operation with
the Federal laboratories and industry.

As you:know, Mr. David Packard chaired the Federal laboratory
study which OSTP completed .over a year ago with a strong recom-
mendation that. there be more use of the Federal laboratories by
the private sector; both the universities and the industries. That
isn't as far- Along as it should be perhaps.

`Mr.. LUJAN. But basically I keep getting the feeling that OSTP
feels that we have to beef up that university research rather than
just continue it as it was. The reason I ask that question

Dr.1-1EALY. Y
Mr. LUJAN [continuing]. What this whole thing is about is what

_should our science policy be and should that policy be that a larger
percentage of the R&D budget go to the universities? That is a very
-crucial question'We will.have to address in the report.

Dr. HEALY. I would, say that it is fait' to say that the general feel-
ing is that the university-based research should be the No. 1 priori-
ty; that the very unique system of doing so much of our first class
basic research out-in a diverse and complicate(' system of-private
universities,, the diver_ iity of that system is such an important part
of its creativity. And I think that it is the feeling of the Office and
of the Panel that that should be the No. 1 priority, and that that
again may mean that $6 billion is not enough.

But I cannot say, and I don't think the Panel is going to say, x
billion is what we need. I think that that question has to be asked
and I think that the answer. is likely to be this is not a zero sum
game. ,

Mr. LUJAN: I am just wondering, as an aside, if OSTP does differ-
ent kinds of studies? And what leads me to that question is one of
the witnesses the other day had a chart of postgraduate students in
this country and showed how many were U.S. nationals and ;'-?ow
many were nationals of other countries, and probably paid for by
their goVetnments, to go to school. And I remember the bottom line
which was engineers, that only something less than 50 percent of
postgraduate engineering students were U.S. nationals, and I had
never thought about it until just now, but I am wondering if those
do snroll in universities that are well funded or that we have good
research programs with? Is OSTP in a position to do that kind of
study?
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DT.- HEALY. We, as part of the University Panel, were looking at
the foreign students that were coming into the research universi-

ties her3 and interestingly, the consensus of the Panel, and also of
a questionnaire in which we solicited opinion from the outside com-
munity and in hearings= We. held in general, was that the foreign
students at research universities are a very positive force.

Mr. rUJAN. De they take up the room or just-
-Dr. HEALY. We tend tci get the very best and that in fact is a

pOSitive, net positive: tar the intellectual environment of our uni-
versities: There was really to sense, and frankly this :surprised me,
because" in the field of medicine which is my background, some-
what different:, there Was not the sense that they were taking posi-
tionia*ay from American students.

Mr. LUJAN:There was room over and above what we required?
There was more than just room, there wr.s a need.

They were not producing enough in some of these areas on our
own, among our own, and we needed to have seine of this talent.

Mr. LUJAN.' That -is interesting.
Thank you very much.
Mr. FUQUA. Thank you very much, Dr. Healy. We appreciate

your being here and for your remarkithis morning. \
thir next witness-Will be Henry G:Iiirschenmann: Deputy Assist-

ant Secretary for Procurement, ,Assistance, and Logistics .at the De-
partment of Health .and -Hinrian 'Services.

We would be pleased to hear from you.
[A biographical sketch OfMr.:Kinachemnann folLowsl

HitMY G. linagiinnouarri, Je.
Henry G. Kirschenmann, Jr. is the Deputy Assistant Secretary for Procurement,

Assistance and Logistics in the Department of Health andRuman Services. As suchhe is one of the Department's chief career officials and advisors to the Office of the
Secretary in the grant and procurement area, He is also responsible for developing
audit resolution policy and 'overseeing the *miss within the Departinent.

Prior to.being -appointed' to his current position, Mr. ICirschanmann served in var-
ious financial management positions in thw DePartmant and -at`the National Insti-
tutes of Ilealth.,:,He,was dnyolved.in developing and -implementing colt policy and
other financial managiment policy for colleges and universities and other non-profit
organizations, State and local governments and hospitals which' receive grants and
contracts from the"Department. He was also involved in establishing indirect coat
rates. Mr. Kirschenmann has served with the DefenseContract Audit Agency. was a

. staff member of the national accounting firm of Price Waterhouse. and Company,
and has held various positions in industry.

.He holds a Bachelor's Degrealroin'the.University of Maryland, a Master's Degree
from The American University andsis waertified publicaccountant.'Heis the recipi-
ent of Senior Executive Performance Awards, the Department of Health, and

aliiman Service's Superior Service Award, and two achievement awards and the
President's Citation5fronethe Associatim of Geiernment Accountants.

STATEMENT OF HENIMG. KIRSCHENMANN, JR.FDEPUTY ASSIST-
ANT SECRETARY, PROCUREMENT, ASSISTANCE AND LOGISTICS,
DEPARTMENT OF HEALTH ANIYHUMAN SERVICES

Mr. KniscriariotArni. Thank, you, Mr. Chairman. it a pleasureto he here.
Department are aeilsed to assist the teak force in its

study. of ',government ,science policy by providing information on
payments- for indireOt costs to,colleges and universities., As we un-
derstand it, the task force is interested in knowing:the amounts of
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indirect costs paid to the institutions as part of the total costs of
research grants and-contracts, as well as the extent to which these
payments support the research infrastructure of the institutions.

We have endeavored to meet the task force's request and have
developed a substantial amount of information on this subject
which we believe you will find useful. The information in the form
of a series of challis- 'and graphs, is attached to my statement. I
note, however, that the amounts and percentages on indirect costs
shown in the charts are approximations based on an analysis of
available infOrMation on total Federal R&D obligations to colleges.
and- Universities, NM- indirect cost payments, and components of
indirect cost rates, supplemented by detailed information on cer-
tain indirect cost subcomponents provided by 50 major research
universities.

In order to put this information in perspective; some ;background
on indirect costs might be useful. Indirect costs are the Costs of ad-
ministratiVe and supporting services which cannot be readily iden-
tified with spOifiC research projects, instructional programs, or
other university 'activities. They are therefore grouped in a series
of cost pools -and allocated .between research and other activities
based on cost allocation procedures.

The portion of indirect.costs allocated to research is then further
distributed .to _individual research projects by an indirect cost rate,
which is extiressed as a percentage Of. direct research costs. The in-
stitutions negotiate these rates.annually, with a "cognizant" Feder-
al agency. HHS is the cognizant agency for about 95 percent of the
colleges and universities receiving Federal research, although some
of the major institutions, such. as MIT and Stanford, negotiate their
rates with the Department of Defense.

Universities generally. have six principal components of indirect
costs:

One, -Use allowances, or depreciation on buildings and equipment.
Use allowance's are essentially, a simplified form of depreciation;

Two, operation and_maintenance of facilities, which' covers such
costs as utilities, janitorial services, repairs and -Maintenance, and
similar expenses;

!Three, general administration, encompassing the institution's ex-
ecutive offices, administrative services, such as accounting and pur-
chasing, and other costs Of a general nature;

Four, departmental administration, consisting of the expenses of
deans' offic.es;and administrative expenses at the academic depart-
ment level;

Five, sponsored projects administration, which are specialized
services related to the management of sponsored nsearch and
training, such as review of grant applications and monitoring grant
terms and Conditions;,.

Six, the Coate:Of:institutional libraries, including the salaries of
library staff andhoOks and periodicals.

With, that as background, I would now like to turn to the specific
information, requested by the task force, as detailed in the attached'
charts:

Total Federal R&D obligations to colleges and universities have
gone from'$1.9 billion in fiscal year 1972 to over $5 .billion in fiscal
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year 1983, an increase of about 160 percent. Specific year-by-year
information is shown in graph and chart 1.

6

5

4

3

GRAPH 1

TOTAL FEDERAL R & D OBLIGATIONS
TO COLLEGES AND UNIVERSITIES

72 73 74 75 76 17 76 76 W si

IF1SCAL YEAR

31

52 53
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CHART 1

TOTAL

TOTAL FEDERAL R & 0 OBLIGATIONS
TO COLLEGES AND UNIVERSITIES

IN MILLIONS OF DOLLARS)

AWARDING AGENCY
HMS ODD N5F OTHERS

72 1,853 879 244 335 307

73 1,871 904 233 349 386

74 2,085 1,129 184 376 396

75 2,246 1,205 191 405 446

76 2,431 1,296 212 437 486

77 2,803 1,452 267 491 593

78 3,386 1,658 452 532 744

79 3,874 1,967 529 588 791

80 4,160 2,026 55o 634 945

81 4,411 2,113 700 617 981

82 4,553 2,111 814 690 939

83 5,022' 2,360 913 759 989

84 DATA NOT YET AVAILABLE FROM NSF

SDURCE: TABLE 8-2 -- FEDERAL OBLIGATIONS TO UNIVERSITIES
AND COLLEGES IN NSF's PUBLICATION 'FEDERAL
SUPPORT TO UNIVERSITIES, COLLEGES AND
SELECTED NONPROFIT INSTITUTIONS ".

As shown in graph and chart 2, during the same 1972 to 1983
period, total estimated indirect cost payments by all Federal agen-
cies have increased by 275 percent, from about $400 million to $1.5
billion. At NIH, indirect costs are now running about 32 percent of
total university research grant costs, up from 22 percent in 1972.
This disproportionate growth in indirect costs, in comparison with
direct costs, has been a concern to sponsoring agencies and the re-
search community for some time, and is currently being reviewed
by the White House Office of Science Technology Policy.
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Based on an analysis of ,fiscal year 1982 through 1984 indirect
cost rates negotiated by HHS, the largest component of indirect
costs is departmental administration,. which averages one-third of
the rate. Operation and maintenance of is next at 28 per-
cent, followed by general administration at 15 percent. Uie allow-
ances on buildings and eqUipment is currently running between 9
percent and 10 percent of the rate; sponsored projects administra-
tion,iel percent; and library iu 4 percent. What that translates to
is iidininistrative cost equalling about 55 percent of the rate as op-
posed ko.such things as use cl-larges and operation and maintenance
facilitieS Cost.

CHART 3

AVERAGE PERCENT'OF EACH COST COMPONENT TO THE TOTAL INDIRECT COST RATE
FOR MAJOR RESEARCH UNIVERSITIES NEGOTIATED BY HHS

COST COMPONENTS 1982 1983 1984

USE ALLOUANCES/DEPRECIATION
ON BUILDINGS & EQUIPMENT 9% 9% 10X

OPERATION AND. MAINTENANCE
OF PHYSICAL PLANT 27X 28% 28%

GENERAL ADMINISTRATION I7X ISZ IS%

DEPARTMENTAL ADMINISTRATION
(INCLUDING DEANS' OFFICES) 32% 33% 33%

SPONSORED PROJECTS ADMINISTRATION 7% 7% 7Z

LIBRARY SX 4% 4X

STUDENT SERVICES IX 0% 0%

OTHER 2% 3% 3%

TOTAL RATE 100% 100% 100%

The rest is in minor items, such as a small portion of student
service costs associated with students working on research projects.
As indicated in chart 3, these percentages have held reasonably
steady for the 3-year period. Chart 4 shows the rate components ex-
pressed as a percentage of direct research costs.
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CHART 4

AVERAGE INDIRECT COST RATE COMPONENTS
FOR MAJOR RESEARCH UNIVERSITIES NEGOTIATED BY HHS

COST COMPONENTS
---------------
USE ALLOUANCES/DEPRECIATION
ON BUILDINGS 6 EQUIPMENT

OPERATION AND MAINTENANCE
OF PHYSICAL FLANT

GENERAL ADMINISTRATION

DEPARTMENTAL ADMINISTRATION
(INCLUDING DEANS' OFFICES)

SPONSORED PROJECTS ADMINISTRATION

LIBRARY

STUDENT SERVICES

OTHER

1982 1983 1984

4.2 4.3 4.S

12.0 12.8 13.3

7.4 7.1 7.3

14.2 15.2 15.4

3.3 3.2 3.1

2.1 2.0 2.0

0.6 0.2 0.1

1.0 1.2 1.4

44.7 46.0 47.1

RATES ARE EXPRESSED AS A PERCENTAGE OF TOTAL DIRECT COST
OF ORGANIZED RESEARCH EXCLUDING CAPITAL EXPENDITURES, MAJOR
SUBCONTRACTS AND OTHER DISTORTING ITEMS.

Chart 5 shows the approximate dollar amount paid to the institu-
tions for each indirect cost component from fiscal year 1982 to
1984. The total amount paid during this period was about $4.5 bil-
lion, broken down in round numbers as follows:

Use allowances, $400 million; operation and maintenance, $1.2
billion; general administration, $700 million; departmental admin-
istration, $1.5 billion; sponsored projects administration, $300 mil-
lion; library, $200 million; other, $150 million.
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CHART 5

APPROXIMATE AMOUNT PAID TO UNIVERSITIES
FOR INDIRECT COST COMPONENTS
SY ALL FEDERAL AGENCIES
(IN MILLIONS OF DOLLARS)

COST COMPONENTS 1982 1983

USE ALLOWANCESeDEPRECIATION

1984
---3 YEAR-- -
TOTALS RATIO

ON BUILDINGS & EQUIPMENT 123 138 163 424 9X

OPERATION AND MAINTENANCE
OF PHYSICAL PLANT 351 412 482 1245 28X

GENERAL ADMINISTRATION 216 228 264 709 16%

DEPARTMENTAL ADMINISTRATION
(INCLUDING DEANS' OFFICES) 415 489 558 1462 W.P.,

.4.14

SPONSORED PROJECTS ADMINISTRATION 97 103 112 312 7%

LIBRARY 62 64 72 198 4%

STUDENT SERVICES 18 6 4 28 1%

OTHER 29 39 51 119 3%

TOTALS 1310 1180 1706 4496 100X



29

Charts 6, 7, and 8 take this indirect cost component analysis one
step further, to :more detailed breakouts of each indirect cost com-
ponent into Various subcomponents which we thought might be of
interest to the task force. These are very rough approximations
based on estimates provided to us by 50 major research universities
or information on these institutions in our regional negotiation
files.

37



CHART 6

AVERAGE PERCENT OF EACH COST RATE COMPONENT RHO SUOCOMPONENT
TO THE TOTAL INOIRCCT COST RATE

FOR MAJOR RESEARCH UNIVERSITES NEGOTIATED GY NHS

COST COMPONENTS COMPONENT SUBCOMPONENT

USE ALLOUANCES'OEPRECIATION
-eumotHasimmmovcmCHTs

9%
4%

- EQUIPMENT 3%
OPERATION Iwo poniNTeHmtoct
or PHYSICAL PLANT 27%
-UTILITIES 12%- REPAIRS 6 MAINTENANCE 6%
-CUsTOOIAL SERVICES 5%- SECURITY IX-OTHER 7%

ocricxnt. nomiN:sTrenTsoN 17%
-EXECUTIVE MANAGEMENT 3X
-FINANCIAL OPERATIONS,,,_ 7%
-ADMINISTRATIVE SERVICES 5X-OTHER 6%

OCPARTMENTAL ADMINISTRATION 32%
-OEMS. OFFICES OX
-DEPT. Hcnos is FACULTY nom. 11X- SUPPORT STAFF 7%-OTHER 6%

SPONSORCO PROJECT% ADMINISTRATION 7%
-OFFICE OF GRANTS 6 CONTRACTS 3%
-ADAGE/1M DEPT. CHARGES OX-OTHER 2%

LIBRARY 3%
-SALARIES a umacs 2%-GOOKS 6 PERIODICALS In-OTHER 2%

STUOENT SERVICES IX

OTHER 2%

TOTAL RATE 100%

'r

1903 19e4
COMPONENT SUOCOMPONENT COMPONENT SUOCOMPONENT

33

9% sox
4% 4%
3% 6%

20% 20%
12% 12%
6% 6%
5% 5%
IX IX
4% X

I5X 12X
3X 'X
7% 3% DO4X 4X CD5% 3%

33X 33X
OX OX
11% 11X
7% 7%
7% 7%

71t 7%
3% 3%
OX OX
2% 2%

4% X
2%
IX

2%
in

IX IX

OX -- OX

3% 3X

100% 100%



CHART 7

AVERAGE INOIRCCT COST OrnTi COMPONENTS ANO SUBCOMPONENTS
raft MAJOR RESEARCH uNivERSITES NEGOTIATE00Y HNS

1502 1903-- 1944
COST COMPONENTS COMPONENT SUOCOMPONCNT COMPONENT SUBCOMPONENT COMPONENT SUBCOMPONENT

USE ALLOURACESMCPRECIATION 4.2 4.3 4.5
-ITUILDINGstINpROvEMENTS 1.0 1.9 1.9
-EQUIPMENT 2.4 2.4 2.6

OPERATION ANO MAINTE4n4CE
OF PHYSICAL PLANT 12.0 12.0 13.3
-UTILITIES 5.2 5.5 5.7
-REPAIRS MAINTENANCE 2.5 2.7 2.0
-CUSTODIAL SERVICES 2.3 2.4 2.5
-SECURITY 0.5 0.6 0.6
-OTHER 1.5 1.6 1.7

GENERAL ROMMISTRATION 7.4 7.1 7.3
-EREEUTIVE MANAGEMENT 1.3 1.3 1.3
-.FINANCIAL OPERATIONS 1.5 1.4 1.S
-ADMINISTRATIVE SERVICES 2.2 2.2
-OTHER 2.4 N 2.4

DEPARTMENTAL ADMINISTRATION 14.2 15.2 15.4
-DEANS. OFrICES 3.5 3.7 3.0
-DEPT. HEADS 6 rACULTY nON. 4.0 5.2 5.3
-SUPPORT STAFF 3.0 3.2 3.2
-OTHER 2.9 3.1 3.1

SPONSORED PROJECTS ADMINISTRATION 3.3 1.2 3.I
- OFFICE Or GRANTS 6 CONTRACTS 2.3 2.2 2.2
-ACAOENIC DEPT. CHARGES 0.2 0.2 0.2
-OTHER 0.0 5.0 0.7

LIBRARY 2.1 2.0 2 0
- SALARIES uAGES 0.9 0.9 0.9
-000KS PERIODICALS 0.5 0.5 0.5
-OTHER 0.6 0.6 0.6

STWENT SERVICES 0.6 0.2 0.1

OTHER 1.0 1.2 1.4

TOTAL RATE 44.7 46.0 47.1

RATES APE ExpRESSED AS A PERCENTAGE Or TOTAL OIRCCT COST Or ORGANIZED RESEARCH
ExCLUOING CAPITAL ExpENDITuRES.NAJUR SuDEONTRACTS AND OTHER'OISTORTING ITEMS.
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i4,,,:,,i,,7. - This analysis shows, for example, that of the $424 million paid
''-''. for 'building,and equipment use allowances from 1982 to 1984, ap-

, Proximately- $183 million, was for buildings and $241 million for
equipment. Shiiilaily, of the $198 Million paid for library expenses,
$146 million was attributable to library staff and operating ex-
penses while $52'milliod covered books and periodicals.

IDePeddingliPoil 'how. 'broadly, one-defines "research infrastruc-
ture,' awn* or :all of these components or subcomponents of indi-
rect COPO 'might, be viewed as infrastructure costs. It seems clear
'that; as ii,inhiimum,, the building andequipment use allowance
components would constitute-part of 'the infrastructure. The same

I

amid' be said of part or all of the operation, and maintenance com-
**(mt. The library and other; components represent. various types
of technical oi admidistratiiiii.stiPpore, which.might also be consid-
ered part of the infrastructure, depending on the purpose to be
served.

. That, concludes my prepared statement, Mr. Chairman. I hope
'this information proves useftil to -the task force in its study and
wadld-he glad to xespend to any questions the task force may have
about thadata.

[The prepared statement of Mr. Kirschenmann follows:]
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Mr. Chairman and Members of the Science Policy Task Force:

We are pleased to be able to assist the Task Force in its study

of Government science policy by providing information on payments

for indirect costs to colleges and universities. As we

understand it, the Task Force is interested in knowing the

amounts of indirect costs paid to the institutions as part of the

total costs of research grants and contracts as well as the

extent to which these payments support the research

infrastructure.of the institutions.

We have endeavored to meet the Task Force's reauest and have

developed a substantial amount of information on this subject

which we believe you will find useful. The information, in the

form of a series of charts and graphs, is attached to my

statement. I must emphasize, however, that the amounts and

percentages on indirect costs shown in the charts are rough

approximations based on an analysis of available information on

total Federal R & D obligations to colleges and universities, NIH

indirect cost payments, and components of indirect cost rates,

supplemented by detailed information on certain indirect cost

subcomponents provided by SO majoL research universities.
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In order to-put this information in perspective, some background

on indirect costs might be useful. Indirect costs are the costs

of administrative and supporting services which cannot be readily

identified with specific research projects, instructional

programs or other university activities. They are therefore

groMped in a series of cost pools and allocated between research

;ad other activities based on cost allocation procedures. The

portion of indirect costs allocated to research is then further

distributed to individual research projects by an indirect cost

rate, which is expressed as a percentage of direct research

costs. The institutions negotiate these rates annually with a

"cognizant" Federal agency. AILS is the cognizant agency for

about 951 of the colleges and universities receiving Federal

research, although some of the major institutions, such as MIT

and Stanford, negotiate their rates with the Department of

Defense.

Universities generally have six principal components of indirect

costs:

1. Use Allowances or Depreciation on buildings and

equipment. (Use allowances are essentially a simplified

form of depreciation.)

4.4
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2. Operation and Maintenance of facilities, which covers

such costs such as utilities,, janitorial services,

repairs and maintenance, and similar expenses.

3. General Administration, encompassing the institution's

executive offices, administrative services, such as

accounting and purchasing, and other costs of a general

nature.

4. Departmental Administration, consisting of the expenses

of deans' offices and administrative expenses at the

academic department level.

S. Sponsored Projects Administration, which are specialized

services related to the management of sponsored research

and training, such as review of grant applications and

monitoring grant terms and conditions.

6. The costs of institutional Libraries, including the

salaries of library staff and books and periodicals.

`45
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With that as baOkground, 1' would now like to turn to the specific

information requeSted by the Task ?ore° as retailed in ,he

attached charts:

o TOtal Federal R&D obligations to colleges and

universities have gone from $1.9 billion in FY 1972 to

over $5 billion in FY 1983, an increase of about 160 %.

Specific year-by-year information is shown in Graph and

Chart 1.

o As shown in Graph and Chart 2, during the same 1972 to

1983 period, total estimated indirect cost payments by

all Federal agencies have increased by 2751, Crom .scout

$400 million to 71.5 billion. At NIH, indirect costs Are

now running about 321 of total university research grant

costs, up from 221 in 1972. This disproportionate growth

in indirect costs, in comparison with direct costs, has

been a concern to sponsoring agencies and the research

community for some time, and is currently the subject of

a study by the White House Office of Science and

Technology Policy.

o on an analyis of FY 1982 through 1984 indirect cost

rates negotiated by HHS, the largest component of

46
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indirect costs is Departmental Administration, which

averages one-third of the rate. Operation and

Maintenance of facilities is next at 28%, followed by

General Administration at 15%. Use Allowances on

buildings and equipment is currently running between 9%

and 10% of the rate; Sponsored Projects Administration is

7%; and Library is 4%. The rest is in minor items, such

as a small portion of student service costs associated

with students working on research projects. As indicated

in Cl.art 3, these percentages have held reasonably steady

for the three-year period. Chart 4 shows the rate

components expressed as a percentage of direct research

costs.

o Chart 5 shows the approximate dollar amount paid to the

institutions for each indirect cost component from FY

1982 to 1984. The total amount paid during this period

was about $4.5 billion, broken down (in round numbers) as

follows:

- - Use Allowances $400 million

-- Operation & Maintenance $1.2 billion

- - General Administration $700 million

-- Departmental Administration $1.5 billion

- - Sponsored Projects Administration $300 million

- - Library $200 million

- - Other $150 million

47



o Charts 6, 7 and 8 take this indirect cost component

analysis one step further, to more detailed breakouts of

each indirect cost component into various subcomponents

we thought might be of interest to the Task Force. These

are very rough approximations based on estimates provided

to us by 50 major research universities or information on

these institutions in our regional negotiation files.

This analysis shows, for example, that of the $424

million paid for building and equipment use. allowances

from 1982 to 1984, approxinately $183 million was for

buildings and $241 million for equipment. Similarly, of

the $198 million paid for library expenses, 3146 million

was attkibu'able to library staff and operating expenses

while $52 million covered books and periodicals.

Depending on how broadly one defines "research infrastructure",

some or all of these components or subcomponents of indirect

costs might be viewed as "infrastructure" costs. It seems clear

that, as a minimum, the building and equipment use allowance

components would constitute part of the infrastructure. The same

could be said of part or all of the Operation and Maintenance

component. The Library and other components represent various

types of techicil or administrative support, which might also be

considered part of the infrastructure, depending on the purpose

to be served.
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That concludes my prepared statement Mr. Chairman. I hope this

information proves useful to the Task Force in its study and

would be glad to respond to any questions the Task Force may have

about the data.
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GRAPH 1

TOTAL FEDERAL R & 0 OBLIGATIONS
TO COLLEGES AND UNIVERSITIES

72 73 74 75 75 77 75 ra ea 51 52 33

FISCAL. YEAR
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'CHART 1

TOTAL FEDERAL R & D OBLIGATIONS
TO COLLEGES AND UNIVERSITIES

C IN MILLIONS OF DOLLARS)

TCTAL AWARDING AGENCY
HHS DOD NSF

72 1,853 879 244 335
73 1,871 904 233 349

085 1,129 184 376
75, 2,246 :1,205 191 405
76 2,431 : 1,296 212 437
77 2,803 1,452 267 491
78 3,386 1,658 452 532
74, 3,374 1,967 529 588
so 4,160. 2,026 556 634
81 4,411 2,1113 700 617
82 4053 2,111 814 690
83 5,022 2,360 913 759
84 DATA NOT YET AVAILABLE FROM NSF

OTHERS

307

386

396

446

486

593

744

791

945

981

939

989

SOURCE: TABLE B-2 -- FEDERAL OBLIGATIONS TO UNIVERSITIES
AND COLLEGES IN NSF's PUBLICATION FEDERALSUPPORT TO UNIVERSITIES COLLEGES AND
SELECTED NONPROFIT INSTITUTIONS'.
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GRAPH 2

APPROXIMATE -AMOUNT ?Rio TO ,COLLEGES AND UNIVERSITIES
FOR INDIRECT COSTS UNDER R a o AWARDS

stlY ALL FEDERAL AGENCIES
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CHART 2

APPROXIMATE AMOUNT PAID TO COLLEGES AND UNIVERSITIES
FOR INDIRECT COSTS UNDER R & D AWARDS

BY ALL FEDERAL AGENCIES
(IN MILLIONS OF DOLLARS)

72 393

73 419

74 491

75 562

76 624

77 720

78 885

79 1,039

80 1,050

81 1,247

82 1,310

83 1,480

84 1,706

TOTAL 11,925
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CHART 3

AVERAGE PERCENT OF EACH COST COMPONENT
FOR MAJOR RESEARCH UNIVERSITIES

COST COMPONENTS

TO THE TOTAL INDIRECT COST RATE
NEGOTIATED BY HHS

1982 1983 1984
----

USE ALLOUANCES/DEPRECIATION
ON RUILOINGS a EQUIPMENT 9X 9X lOX

OPERATION IMO MAINTENANCE
OF PWYSICAL PLANT 27X 28X 28X

GENERAL ADMINISTRATION 17X 15% 15X

DEPARTMENTAL ADMINISTRATION
(INCLUDING DEANS,. OFFICES) 32X 33X 33X

SPONSORED PROJECTS ADMINISTRATION 7X 7X 7X

LIBRARY 5% 4X 4X

STUDENT SERVICES 1X OX OX

OTHER 2X 3% 3X

TOTAL RATE 100X 100% 100%
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CHART 4

AVERAGE INDIRECT COST RATE COMPONENTS
FOR MAJOR RESEARCH UNIVERSITIES NEGOTIATED BY HMS

COST COMPONENTS 1982
----- 1983

----- 1984-----
USE ALLOUANCES,DEPGECIATION
ON BUILDINGS EQUIPMENT 4.2 4.3 4.5

OPERATION AND MAINTENANCE
OF PHYSICAL PLANT 12.0 12.8 13.3
GENERAL ADMINISTRATION 7.4 7.1 7.3
DEPARTMENTAL'ADMINISIRATION
(INCLUDING MANS' OFFICZS) 14.2 15.2 15.4

SPONSORED PROJECTS' ADMINISTRATION 3.3 3.2 3.1
LIBRARY 2.1 2.0 2.0
STUDENT SERVICES O.6 0.2 0.1
OTHER 1.0 1.2 1.4

TOTAL RATE 44.7 45.0 47.1

RATES ARE EXPRESSED AS A PERCENTAGE OF TOTAL DIRECT COSTOF ORGANIZED RESEARCH EXCLUDING CAPITAL EXPENDITURES, MAJORZUBCONTRACTS AND OTHER DISTORTING ITEMS.
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CHART 5

APPROXIMATE AMOUNT PAID TD UNIVERSITIES
FOR INDIRECT COST COMPONENTS
BY ALL FEDERAL AGENCIES
(IN MILLIONS OF DOLLARS)

---3 YEAR---
COST COMPONENTS 1982 1983 1984 TOTALS RATIO

USE ALLOWANCES/DEPRECIATION
ON ampules & EQUIPMENT 123 138 163 424 9%

OPERATION AND MAINTENANCE
OF PHYSICAL PLANT 351 412 482 1245 28% 00

GENERAL ADMINISTRATION 216 228 264 709 16%

DEPARTMENTAL ADMINISTRATION
(INCLUDING DEF:NS' OFFICES) 415 489 558 1462 33%

SPONSORED PROJECTS ADMINISTRATION 97 103 112 31.. 7%

LIBRARY 62 64 72 198 4%

STUDENT SERVICES 18 6 4 28 1%

OTHER 29 39 51 119 3%

-TOTALS 1310 1480 1706 4496 1007.
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CHART 7

AVERAGE INDIRECT COST RATE COMPONENTS AND SUBCOMPONENTS
FOR MAJOR RESEARCH UNIVERSITES NEGOTIATED BY HHS

1982 1983 1984
COST COMPONENTS COMPONENT SUBCOMPONENT COMPONENT SUBCOMPONENT COMPONENT SUBCOMPONENT

USE'ACLOVANCES/OEPRECIATION 4.2 4.3 4.5
- BUILDINGS /IMPROVEMENTS 1.6 1.9 1.9
'- EQUIPMENT 2.4 2.4 2.6

OPERATION AND MAINTENANCE
OF.'PHYSICAC,PLANT 12.0 12.8 13.3
-.UTILITIES- 5.2 5.5 5.7
.-REPAIRS &MAINTENANCE 2.5 2.7 2.8
-CUSTODIAL SERVICES 2.3 2.4 2.5
-;SECURITY' 0.5 0.6 0.6
-OTHER 1.0 1.6 1.7

'GENERAL ADMINISTRATION 7.4 7.1 7.3
,: -EXECUTIVE MANAGEMENT 1.3 1.3 1.3

-FINANCIAL OPERATIONS 1.5 1.4 1.5
..ADMINISTRATIVE SERVICES 2.2 2.1 2.2
-OTHER '' 2.4 z.s 2.4

DEPARTMENTAL AOMINISTRAYION 14.2 15.2 15.4
-MANS. OFFICES 3.5 3.7 3.8
-OEPT. HEAOS &FACULTY ADM. 4.8 5.2 5.3
-SUPPORT STAFF '.0 3.2 3.2
-OTHER,. 2.9 3.1 3.1

SPONSOREO"PROJECTS AOMINISTRATION 3.3 3.2 3.1
-OFFICE OF,GRANTS 6 CONTRPCTS 2.3 2.2 2.2
-ACADEMIC DEPT. CHARGES 0.2 0.2 0.2
-OTHER 0.8 0.8 0.7

'LIBRARY, 2.1 2.0 2.0
-SALARIESq&UAGES 0.9 0.9 0.9
-BOOKS 6 PERIODICALS 0.5 0.5 0.5
-OTHER 0.6 0.6 0.6

STUDENT SERVICES 0.6 0.2 0.1

OTHER 1.0 1.2 1.4

TOTAL RATE 44.7 46.0 47.1

RATED APE EXPPESSED AS A PERCENTAGE OF TOTAL DIRECT COST OF ORGANIZED RESEARCH
EXCLUDING CAPITAL EXPENOITURES,MAJOR SUOCONTRACTS ANO OTHER DISTORTING ITEMS.
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: ,Notes to Charts,

1. Total payments for indirect costs by all Federal agencies in
Chart 2 are estimates based on the amount of indirect costs paid
to universities by NIH each year as a percentage of total NIH
research grant obligations.to the institutions

Federal
same year.

The percentage 'for each year was applied to total. R & D
obligations toonilmrsities published by NSF to arrive at the
aPproximate amount paid for indirect costs by all Federal
agencies.

2. NSF has not ii yet published Government-wide data on R & D
obligations lor'Fy 1984. Consequently, the estimated indirect
cost amount for FY 1984 in Chart 2 is based on the rare of growth
between 1983 and 1984 in NIH research grant obligations applied
to the 1983 Government-wide R & D data published by NSF.

3. Average indirect cost rate components far FY 1982 to 1984 in
Charts 3 and 4 are averatls for the approximately 120 largest
research universities that negotiate their indirect cost rates
with HHS. Universities that negotiate-their rates.with the
Department of.Defense are not included. Universities under HHS
negotiation cognizance receive about 80% of total Federal R & D
obligations. The 120 largest schools used to develop the
averages receive over'70% of:the total Federal R & D obligations.

4. The approximate dollar amounts paid for each indirect cost
component in Chart 3 were developed by multiplying the percentage
for each of the average rate components in Chart 3 by the
estimated total Government-wide indirect cost payments for FY

'1982, 1983 and 1984 in Chart 2.

.5. The breakdowns of:rate components into subcomponents in
Charts 6, 2, and 8 are-veryrrough approximationd based on
estimates provided by 50 large:research universities or
information on these institutions in HHS negotiation files.
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DISCUSSION

Mr:'kuklua. Thank you very muCh.
_ This Will certainly be very helpful to us in what we are trying to

'7I-Iinderitand,that rates for each indirect cost category are negoti-
ated', aigarately with.each of the universities. Does the Govunment
Verify later as a folloivup that these sums were in fact expended-by
-the ins:fibeinilivfOrthe,purposes intended?

Mr .KMabinciara. Yes; we do, Mr. Chairman That process
'taketi;Placeintwaiteps. We have-a force of negotiators throughout
;the- countriillat review each of the ,proposals that are submitted
and-those proposals are based on an institution's audited financial
_Statenimiticir the-most part, and- a number of institutions are also
subjected-lb audit on site by our audit agency. So the answer to
your question is yes.

-Mr. Fuc:pa.-Well, you were here earlier for the testimony of Dr.
Healy when she was talking about themaking the basis signifi-
cantly shorter for depreciation for buildings, from 50 years down to
a shorter period of time, and also for instruments. How would you
view that?

-Mr..-KnesaminitArm. In my view, that is a policy decision based
upon what it is that one intends these reimbursements to accom-
plish at a university. The current rules are based on the conven-
tional' accounting condepts'bf'a going concern which is that an in-
stitution slibuld; be reimbursed for the costs associated with the
cOndtict ore en project and that assumes certain conventions
sliChAs the base on the Useful life-ofan asset, however that asset
hoWeVer iimethat -asset can be kept'in service.

One could reinbuiesthis, on some basis other than that. I would
point -out, 'hOwe*er, that the cbst principles right now are quite
flexible on ivh4 they 'Would permit an institution to do. For the
Most'parto,institiktiOns use a use Chargé in claiming reimbursement
for fabilities.Ihat :use charge is 2 percent for buildings which as-
sumes 'a 50-year life, and about 16% percent for equipmentexcuse
me, ',6%-perCent for eqnitiMent,4hich assumes a 16 or 17 year life.

The ,Cost .principles permit an institution to depreciate those
assets over its useful life to the institution which would in most
cases be substantially less if they want to. Most institutions do aot
now. I hope I have answered your question. That was a wordy re-, sponse.

Mr. Fuqua: Well, in your chart 2 the amount of indirect paid to
universities is about $1.19 billion.

Mr. KIRSCHENMANN. Yes.
Mr. FUQUA. If use charges remain constant at approximately 9 to

10 percent, -would we be correct to infer that in the same time
period just over $1 billion was provided to the universities in build-
ing and equipment use charges?

Mr. KisscHENMANN. Yes, sir, that is correct. That equates to
about $100' million a year.

Mr. FUQUA. Do you have any idea how they spent that money?
Did any of it go back to refurbishment of the buildings, replace-
ment of equipment?
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Mr..-KiasimpatAtoz. We know how they spent the sums -eim-
bum& for operEition and maintenance, which is repair and janitori-
al ierVices.azid,so Ain. Those moneys were spent for that purpose.
We don't kritivi`hOW:theY acttiillY spent the cash that they received
for -the ansortitation, use charges on the building itself. We do
know they SOlit that -money initially and all we are doing is reim-
bizrsint,thern lei that past expenditure. Whether they actually
tiiiikithe!..cash.,that they receivect.and 'reinvested that in plant or
they for some other purpOees, we don't know.

Mr FUQTJA Orloi'operating, expense?
Or for operating expense, we don't know.

,--mi-;<Ftiiatik.:04paying±saltuies?
XIP.SCHENMANNJThat15 correct.

.,4111i.:Pcicitik.-.-Bilt:yotirfallOivup doesn't reveal that?
;Mr.:Knisciisiiitkiic/Noi it doesn't. It doesn't.
Mr. FuQuA.Dó you think it should?
Mr. KissafficitzdaNN. Well, only if youunder the current con-

nO:Arie:really.don't care what they use the cash for.
.,Ezigua.,Yes, OK.

Mr. KW CHENMANN. Yes.
Mr.. FUQUA. And they have contractual arrangements, too.
Mr. ICIRSONPMANN. Yes; if that is important to the Government

as a PolicYWe crni1d, yes.
Mr. PuQua....Mr. Brown..
Mr., Bitowx. Itseems to me, Mr. Kizschenmann, that this system

would allow for Some alleviation of the problems with the umverm-
tiei, if if Weratreated" as a tool trying to alleviate the problems. In
other words,_ if the problem is inadequate,equipment and facilities,
then what 'yOu have allowed is, indirect cost for use allowance
could, be .used to ,amortize new facilities and equipment. If the
amount were large enough to be substantial, it might mean that
you would have to reexznune, whether or not the current amount,
which you saY is running between 9 and 10 percent, is adequate,
maybe it would take 15 or 20 percent to handle the problems that
are surfacing in thes& institutions, which vary from 'institution to
institution, of course. There is no theoretical reason why that
couldn't be done, and then the increased use allowance could be
used to make the mortgage payments on the new facilities and
equipment.

Mr. KIRSCHENMANN. There is no real reason other than the ac-
counting convention, that is correct. One might also develop a
policy which would reimburse an institution for its mortgage pay-
ment until such time as that facility is paid for and then subse-
quent to that, one might have a policy that no further charge can
be made to the.government, there are all--

Mr. BROWN. I am using mortgage in the broad sense. If the insti-
tution had the flexibility both to reimburse they could proceed in
some reasonable basis to acquire the things that they needed and
then to defray some portion of the cost at least out of the user fee
that they received.

Mr. KdREICHENMANN. Yes, sir.
Mr. ,BaowN.1 don't know that you can answer this question or

.not, but you refer to the fact that a study is being made by the
White House Office of Science and Technology Policy, and I assume



55

that that study might make some recommendations with regard to
this kind of issue. is that a correct assumption?

Mr. SiRsmarimANN: I believe they are looking at alternatives
iin&-linay make a recommendation. Dr. Healy would be in better po-
sition to ansitei. than I am.

Mr..13RifiwN,. It, is quite obvious that this isn't a static situation in
view Of the fact,that you have had 50-percent increase in indirect
co-ta 'mei the last 12 years.

Mr. KIRSCHENsuamt. That is correct.
Mr. Baowx. Are you familiar with the increase cost ratios that

are applied by various types of private enterprise to direct labor
costs?...

Mr. KiRSCRENMANN. Yes, sir.
Mr.;SiowN. For 'example, an engineering firm that has a con-

tract with the Government to perform a certain task would anply
an indirect cost to their direct labor cost in order to determine
soma-reasonable. 5gure. Can you give me an idea what kind of
ratios might be-customary in those?

Mr. KmacHENmANIT. Thooe rates are very, very high compared to
university rates. I think if you take the manufacturing overhead,
and engineering overhead, and G and A, the most large R&D or
mamifacturing firms defense industry particularly apply, yo'i are
talking about well over 100 percent. I am not sure that is a fair
comparison.

Mr:" Baowzr. I am not sure it is either. Some intermediatethat
may set the limit to what a fair comparison would be?
"Mr. -KIRSCHRNMANN. Yes, sir.

Mr. Baowx. And the question, what goals are we trying to
achieve? Now, in a private contract, the firm is going to make sure
that its billings provide the income necessary to keep its equipment
and facilities up to date, I presume.

Mr. KERSCHENMANN. Yes, I would presume, yes, sir.
Mr. BROWN. So that if we were interested in achieving that for

university research, we might want to have a little more flexibility
in those indirect costs.

Mr. KutsCHRNMANN. Yes, sir, what I don't know, what I can't re-
spond to you right now, is the percentage of that industrial over-
head rate that is applicable to its facilities.

Mr. BROWN. I understand that, part of it would be their profit
margin.

Mr. KIRSCHENMANN. That is also in there, that is right.
Mr. BROWN. And, of course, we don't normally associate that

profit margin with university research.
Mr. KIRSCHENMANN. That is correct.
Mr. BROWN. We are getting a bonus there.
Mr. KIRSCHRNMANN. Yes, sir.
Mr. BaowN. That is correct.
Mr. FUQUA. Mr. Lewis.
Mr. Lxwxs. Thank you, Mr. Chairman.
I understand that the indirect cost category rates are negotiated

separately with each university. Does the Government come back
and audit in these areas and determine how and where the indirect
funding was expended, or is the university in a position touncom-
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promising position like some of our defense contractorsdeal with
indirect cost?

.Mr. KIRSCHENMANN. We do know with reasonable certainty that
where these costs that are being reimbursed are incurred. As I
mentioned to the Chairman, the only area we do not know is
whether the actual cash that is reimbursed to a school for its cap-
ital, amortization use charges and so forth, is actually used to re-
place though. We don't know that, but we do know that all the
other expenditures, all the other claims that they make, this
charge that they make, in the indirect cost proposals are in fact
expended;for,those.purposes, yes, sir.

Mr. Lewis. Is that done on an annual audit or audit per contrac-
tor?

Mr. KIRSCHENMANN., Well, it is done annually or semiannually
by our negotiations staff in the field, and then there are periodic
audits, onsite audits, by audit agencies of at least a major institu-
tion. That is not done every year, but it is done sufficiently often, I
think, to give us reasonable assurance what the institutions identi-
fied in their proposal actually do spend.

Mr. LEwIS. Is there a possibility that we could see a fixed base
contract, fixed contracts for the institutions that x number of dol-
lars for a particnlar project that they have the right to spend any-
where they want without an audit?

Mr. KIRSCHENMANN. Well, one could have that policy. I think
what people like myself, from the administ ative side that has to
go back in and look at those charges, would like is some definition,
some reasonable definitive statement as to what it is those moneys
are to be expended for and to what extent there would need to be
an accountability for them and, for example, how one computes
that amount. But given those caveats, I think it could be done; yes.

Mr. LEWIS. Do we have a situation where one university or one
group could submit RFP's for particular projects rather than then
go after a grant after that to make it more competitive?

Mr. KIRSCHENMANN. I am sorry, I didn't understand the ques-
tion.

Mr. LEWIS. I didn't understand it myself. Rather than apply for a
grant, is there some way universities could be more competitive for
research programs, rather than just apply for a grant?

Mr. KIRSCHENMANN. Well, my sense of the Research Grants Pro-
gram certainly at our department, NIH, is that it is highly com-
petitive. I don't know whether you would get any more competition
by moving into the procurement arena as opposed to the grant
arena. I have sat in on a number of study group evaluations of pro-
posals, and I can tell you they are very stringent evaluations. I
think there is a great deal of competition out there. To answer
your question, I don't think you would increase competition by
going to the procurement arena.

Mr. LEWIS. Do we have a situation where you would have a grant
issued and at the completion of that grant x research has been ac-
complished, but then a followup grant is issued to another organi-
zation or university, and how do you

Mr. KIRSCHENMANN. For the same project?
Mr. LEWIS. Yes.
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Mr. KraSCHENMANN. I guess that could occur, and I know it
occurs. I am really not the best person to ask that question. You
would be better served by -king somebody in the scientifik. area. I
do know, for example, that there are instances in which a project,
a principal investigator on a project, changes universities and the
grant would go with that individual because he is key to the con-
duct of it.

Mr. Lzwits. Thank you.
Mr. FUQUA. Thank you very much. We appreciate your being

with us today, and we will also, without objection, make the entire
comments, including the charts, part of the record.

Mr. KntSCIUMMANN. Thank you.
Mr. FUQUA. Next is Dale Corson, Chairman of Government-Uni-

versity-Industry Research Roundtable in the Academy of Sciences.
(A biographical sketch of Dr. Corson follows:]

Da. DALE R. Coast ::

Dale R. Corson is President Emeritus, and was the e' th president of Cornell
University. He was appointed President by the Board of tees on September 5,
1969 after serving since July 1, 1969 as Provost with "full executive and administra-
tive responsibility and authority for the management of Cornell." From July 1, 1977
until June 80,1979 he served as Chancellor.

Dr. Corson was appointed Provost of Cornell University in 1963 after four years asDean of the College of Engineering.

helped design the Cornell synchrotron housed in the Newman Laboratory of Nucle-ar

joined the Cornell faculty as an assistant professor of physics in 1946 and
ar tudies. He was appointed associate professor of physics in 1947, became a full
professor in 1952 and was named Chairman of the Department of Physics in 1956,
and Dean of the:College of Engineering in 1959.

He is co-author of two books, Electromagnetic Fields and Waves and Electromagne-
tism, =dints written numerous papers for physics journals.

Dr. Corson has been a member of the American Council of Education's Board ofDirectors and its Commission on Plans and Objectives for Higher Education and the
Panel of International Technical Cooperation and Assistance, a subpanel of Presi-dent Lyndon B. Johnson's Science Advisory Committee. He 's a former member of
the Execrative Committee of the National Association of State Universities and LandGrant Collegm

He has also been a member of the National Science Foundation's Panel on Sci-
ence Development Programs and a consultant to the Ford Foundation's Overseas
Development and International Affairs Pre,rrams. He has also been a member of theNew York State Commission on Industrial Research and Development and the New
York State Science Advisory Council.

Locally, he is a member of the Board of Directors of the Tompkins County Trust
Company in Ithaca. He also serves as a Director of the International Minerals and
Chemical Corporation and of the Kmart Corporation.

He is a member of the New York Academy of Sciences, the American Association
for the Advancement of Science, and is a fellow of the American Academy of Arts
and Sciences. He is also a member of the National Academy of Engineering.

He is listed in Who's Who in America, American Men and Women of Science,Leaders in Education and The International Who's Who.
Dr. Corson was President of the Association of Colleges and Universities of theState of New York (ACUSNY) from 1974-76. ACUSNY =hides, as members, most

of the 200 p_ublic and private colleges and universities in New York State.
He was Chairman of the Commission on Physicians for the Future, which was es-

tablished in early 1974 by the Josiah M. Macy, Jr. Foundation in response to the
growing controversy relating to an impending physician surplus or shortage in
United States. From 1979 to 1981 he served as .r.anrui. of the National
Council's Committee on Satellite Power Systems; and was a member of the National
Commission on Research. In 1982 he served as Chairman of the Panel on Scientific
Communication and National Security, sponsored by the National Academy of Sci-
ences and the National Academy of Engineering. He currently serves as Chairmano: the International Advisory Panel on Chinese Univen3:ty Development under
World Bank sponsorship.

t
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Dr. Corson was a staff member of the Massachusetts Institute of Technology Ra-
dation Laboratory from 1941 -48. He served as a technical advisor in Air Force head-
quarters in Washington from 1948 -45 and received an Air Force Commendation for
his achievements during World War II in the introdurition of new radar techniques
into military? 9.ir operations. At the end of the war, he joined the staff of Los Alamos
Scientific Laboratory, assuming primary responsibility for the organization of
Sandia Laboratory, which later became a major engineering facility of the Atomic
Energy Commission. He received a Presidential Cee.ificate of Merit in 1948 for his
contributions to national defense.

Dr. Corson, a native of Pittsburg, Kansas, received his bachelor of arts degree
from the College of ,Emporia in 1934, his master of arts degree in physics from the
University of K.ansas, 1935, and his Ph.D. in physic* from the University of Califor-
nia in 1938. He was associated with the design ann construction of the 60-inch cyclo-
tron at the University of California Radiation Laboratory. He is a fellow of the
American Physical Society and a member of Phi Beta Kappa, Tau Beta Pi and
Sigma XL

Dr. Corson received an honorary doctor of laws degree from Hamilton College in
1973, similar honorary degrees in 1972 from Columbia University, and from Elmira
College in 1977. In 1970, the College of Emporia awarded him an honorary doctor of
humane letters degree: In 1975 the University of Rochester awarded him an honor-
ary doctor of science degree. He was awarded a distinguished service citation by the
University of Karma Alumni Association in 1972 and, in 1971, received the Out-
standing Alumnus of the Year Award from the CoP9ge of Emporia.

Dr. Corsua's hobbies include hiking, mountain climbing, canoeing, photography
and sailing.

He is married to the former Nellie E. Griswold and has four children.

STATEMENT OF DR. DALE R. CORSON, PRESIDENT EMERITUS,
CORNELL UNIVERSITY, ITHACA, NY; AND CHAIRMAN, GOVERN-
MENT-UNIVERSITY-INDUSTRY RESEARCH ROUNDTABLE, NA-
TIONAL ACADEMIES OF SCIENCES, WASHINGTON, DC

Dr. CossoN. Mr. Chairman, and members of the task force, my
name is Dale Corson, and I am chairman of the Government -Uni-
versity- Industry Research Roundtable, sponsored by the National
Academies of Sciences and Engineering. I am a physicist by train-
ing, and I am the emeritus president of Cornell University. I am
happy to appear before you today to talk about the infrastructure
for academic research, a topic of great national importance.

To begin with, let me define what I mean by "infrastructure."
Definition: By infrastructure for university-based research, I mean
the people, the facilities, the necessary equipment, including some
very large equipment, the research libraries, and the institutional
arrangements best designed to promote effective research. These
arrangements extended beyond those between the Federal Govern-
ment and the research universities. They L Av include. the States
and industry.

In discussing these topics, I will be deacribing a system of nation-
al investment in a research enterprise designed to serve best our
national interest. I emphasize the word "investment."

Another concept that must characterize the research system is
that of partnership.

A concept that I reject is that of procurement in promoting the
research enterprise. Rearch is too unpredictable and too fragile
to treat in this way.

Finally, I want to keep the concept of excellei,ce squarel; before
us.

Let me now discuss the elements of the mfrastructural system
and let me begin with the people. This is the most important ele-
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ment of all. Without qualified people at all levels, nothing else
matters.

I want to emphasize the importance of skilled supporting techni-
cal staff and to state my belief that an adequate flow of such
people may be in jeopardy. At Cornell University, there are five or
six, supporting staff for ever/ faculty member. Many of these are
unskilled workers and secretaries. Many others, however, are
skilled technical staff. These include electronic technicians, instru-
ment makers, and an increasing &unbar are super technicians, op-
erating centralized and complex facilities. This latter group is a
grownig group of technical workers that we may find in short
supply in the future.

I base my concern on the state of high school science and matbe-
niatics teaching, which may also jeopardize the flow of scientists
themSelves. `go more:than 20 percent of high school stud_ents are
exposed to physics,fand only 50 percent are exposed to as much as
2 years of science of any kind. Only 6 percent of high school stu-
dents take 4 years of mathematics.

How can we interest enough people in science and engineering to
meet our future needs, whether for research scientist or for super-
technician careers, given the state of affairs?

Research instruments and research equipment generally have
reached a state of obsolescence that limits the amount and the
quality of research that is possible in the research universities. In
engineering, this is a factor turning young research people away
from academic careers. The result is an inability of universities to
fill available engineering faculty teaching and research, .positions.
Academic careers are simply not as attractive as are inustrial ca-
reers. It is ironic, that the great interest in computers and comput-
er-related technologies has attracted more and more engineering
students at the undergraduate level, but the same technologies are
pulling graduates into attractive jobs after the bachelors degree
and are deflecting them from graduate study which would prepare
them for academic research and teaching careers. In light of this
situation, more than half of the young faculty appointments that
are being made in engineering are foreign nationals.

Thare have been more comprehensive studies of the instrumenta-
tion and equipment shortages than I can give here. I want to stress
that as we learn more and more about the underlying phenomena
in the fields we study, we learn more and more about how to meas-
ure the things we want to measure. Inevitably, these new measur-
ing instruments are large and expensivevery expensive. What we
can do with it, however, is little short of miraculous. Today
progress in many fields is limited by the unavailability of instru-
ments that cost hundreds of thousands of dollars.

As the need for very expensive equipment develops, the shared
use concept is essential. Shared use is one example of the partner-
ship concept that I believe is so important. Other partnerships
must also be developed to magnify the impact of the Federal
agency equipment support programs that we have. begun in recent
years. Company-funded instrumentation programs have been im-
portant in selected areas. More directed attention to partnership
with the states in sorting out responsibilities for both research and
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instructional equipment would be beneficial. Finally, opportunities
for pooling funds and distributing the debt risk should be explored.

In-.connection with the equipment problem, and related to the
people problem,. is the issue of equipment maintenance. The Feder-
al the State goyernments and the universities must
resolve the issue ,of cost sharing and provide for adequate support
staff iri this area.

Fadilities,:aiktYPified by research 'laboratories, represent another
national, used. One niust muish those cases where new

eta abet:ad-4y essential progress of the science in
question those where the science can continue to be done in
the old' facilities' at the price of lesi than .,.:4imum productivity.

I scan put no numbers on the problems. I know of no studies
sihickinx*ie'tioifided adequate data The total need for new and
renovathAfacilities is certainly measured in billions of dollars.

To prOyide facilities, we need a national program, again based on
the partnership concept, that will regularize the facilities apRro-
priation process, that will provide for comprehensive merit review
taking into account social and economic factors, as well as scientif-
ic merit, and' which will leverage Federal funds to the maximum
degree possible.

As we develop programs to address these facility needs, we must
think about new ways to finance them. Given the magnitude of the
problem, and given the degree to which the national welfare de-
pends on solving such problems, the Federal Government must nec-
essarily play the lead role. There is no possiblity, however, that the
Federal Government will provide funds in an amount sufficient to
relieve the accumulated need,

Varioils _pproaches to financing have been proposed for discus-
sion within the Research Roundtable. I put them forward here not
as recommendations but as suggestions deservirg further examina-
tion. I also assume that any national program will include some, of
a combination, of these approaches.

Using the terms of the financial world, equity financing can be
provided through direct Federal a; ?ropriations, set - asides from
current federal R&D programs, realistic depreciation charges on
Federal research grants and matching funds from universities,
from States, from industry and from gifts.

Further leverage on these funds can be provided through debt fi-
nancing. We must look for a way t..t use Federal funds as a base for
a national program of construction bond issues, preferably tax-
exempt, to be amortized over a period of yearssay 10 or 15fwm
one, or a combination, of the equity sources listed above.

The Government- Industry- Research Roundtable, which I repre-
sent, will conduct a 2-day conference in July, under joint sponsor-
ship with the Office of Science and Technology Policy and the Na-
tional Science Board, to explore approaches such as these to pro-
vide academic research facilities. We expect tc have congressional
representation at the conference, of course.

I include ,research libraries as a part of the research infrastruc-
ture. The ways these libraries are opened and used have evolved
substantially over the past two decades and they hold the promise
for entirely new ways to communicate through the written word.
The systems now in place are impressivein a matter of seconds
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an investigator can locate any book or other bibliographic material
cataloged by any one of the Nation's major research libraries.

There is also the promise of replacing the hard text copy of writ-
ten material with computer screen readouts or rapid printouts of
text that is of interest. This promise is still a long way from mate-
rialization, however. In fact, the computerized library systems, as
they exist, still have a long way to go to provide the optimum serv-
ice to scientific investigators. We must find ways to invest in li-
braries in the same way we invest in other research infrastructure.

Finally, I will discuss the institutional relationships which I
think important in promoting research of the quality best designed
to serve the national interest. I have already touched on this sub-
ject in my discussion of "investment" versus "procurement" con-
cepts.

I want to emphasize that the system we developed following
World War II, based on the Bush Report, is an excellent system.
However, over the decades the system has adapted to changing con-
ditions and changing requirements by applying patches. The cur-
rent system of rules, regulations and procedures is inappropriate
for the most effective operation of the research system. It is time to
take a look at the entire research supporting enterprise to see how
it might be simplified and modified to serve the national need more
efficiently. To this end, the Research Roundtable is sponsoring a I-
da event on June 5 to explore the issues.

There are other institutional arrangements that are important.
With fewer tenure-track positions available, universities must find
new ways to appoint more research scientists, and they must find
ways bring 'new blood" into their aging faculties.

We have seen the evolution of many cooperative ventures be-
tween universities and industry in recent years. The Research
Roundtable is conducting a set of case studies of new university-in-
dustry alliances to examine what the effects are. A central ques-
tior to be addressed concerns what new institutional arrangements
within universities and within industry are necessary to make the
alliances productive?

The most productive research at the frontiers of scienct des-nand
interdisciplinary approaches. Modifications in Federal funcing pro-
cedures and in university structure and reward systems are re-
quired in order to pursue these opportunities.

Another institutional arrangement worthy of consideration is
that by which national laboratories develop programs that are of
joint interest with industry and universities.

I will conclude by mentioning, with no detailed discussion or
analysis, the most difficult and complex of all infrastructure
issuesthe appropriate size of the academic research system, the
roles of the research universities and their relationship to other in-
stitutions in our society.

Our system has been driven by a number of forces since World
War II. In the years after that war, there was popular belief that
scieuce could solve any societal. problem. When that illusion was
fading, Sputnik put renewed vigor into our educational and re-
search systems, and there was a period of great vitality. The move
to the "Great Society" in the 1960's led to an enormous -3xpansion
of our educational system, and we built capacity that we do not
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now need. As we back away from the concepts of that era, great
strains have been introduced. As we seek ways to relieves those
strains, we must examine the overall size and scope of the educe -
clonal and research enterprise. Some parts of the system will need
expansion. Other parts will need contraction.

1 have no advice on how best to carry out this difficult examina-
tion. The Research Roundtable has not come to grips with it.

To sum up: I have interpreted the term "infrastructure" broadly.
I see the entire system supporting our national research effort as a
national investment enterprise, including many sectors of our soci-
ety, with the Federal Government necessarily being one of the
principal partners. The enterprise is in need of revitalization, and
as the task force proceeds with its study, there are two concepts I
hope you will keep before you: "investment" and "partnersFp."

Thank you for the opportunity to discuss these matters with you.
[The prepared statement of Dr. Corson follows:]
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U.S. HOUSE OF REXPE5ENDTIVES
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TASK FORCE ON MEN= POLICY

Testimony by Dale R. Corson
on

TIE FEDERAL GOMM= AND THE UNEWPSITY RESEARCH IfERASMUCIURE
May 21, 1985

Mr. Chairman and members of the Task Force. My name is Dale Corson
and Lastamikoman of the Government-University-Industry Research Round-
table, sponsored by the National Academies of Sciences awl Engineering. I

am a physicist by training and I am the Emeritus President of Cornell Uni-
versity. I am happy to appear before you today to talk about the Infra-
structure for Armalemic Research, a topic of great national importance.

TO begin with, let me define what I mean by "infrastructure".

DEFINITION. By infrastructure for university-based research I mean the
people, the facilities, the necessary equipment, including some very
large equipment, the research libraries and the institutional ar-
rangements best designed to promote effective research. These ar-
rangements extend beyond those between the federal government and
the research universities. They now include the states and indus-
try.

PEOPLE. The people I include are those essential to support efficient
research programs. These include technicians, mechanicians,
research assistants, secretarial and administreive staff.

FACILITIES. By facilities I mean the buildings, the laboratories, the
machine shops, and the specialized technical operation facilities
designed to house and to support research projects effectively.

EQUIPMENT, By equigramt I mean those essential scientific instruments and
machines which are too large and too expensive to be supported on a
single principal investigator's gran% -f contract. As research
equipment becomes larger and more expensive, it is increasingly
necessary to supply such equipment on an institutional, regional or
even national basis.

RESEARCH LIBRARIES. The major research libraries provide the biblio-
graphic foundation of the nation's research effort. They face
serious problems as they strive to serve research ends adequately.
Among the problems are the requirement, and the opportunity, to use
new computer and oxazunications technology, the need to meet
expanded expectations for collection coverage, and the need to
provide easy access and service reliability. The rapidly rising
cost of such services is a major part of the problem.

INSTITUTIOCAL ARRANVEMENTS. Here I mean organizational arrangements
designed to further the objectives of the relevant research
programs. Included are institutional relationships within
universities, between universities, between universities and
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industrial laboratories and, especially, between universities and
sponsoring federal agencies and state governments.

In discussing these topics I will be describing a system of national
investment in a research enterprise designed to serve best our national
interest. I emphasize the word "investment." I will be describing a
system intended to make research in science and engineering prosper to the
maximum, degree possible. To do this, the system must support the enter-
prise adequately, on a base broad enough to permit the research to
progress effectively in any promising direction.

Another (=mot that must characterize the research system is that
of "partnership". Although the partnership must involve many sectors of
our society, the research universities and the Federal Government are by
far the most important elements of the system. These are the elements
that I will be discussing primarily.

Industry and state govetisumits are playing more important roles in
the research system, and we must find ways to nurture these relation-
ships. We must bring other institutions of our society into the research
supporting system, as well; for example the financial world. We must fire
ways to finance the provision of facilities and the large equipment so
that we de not rely totally on the federal goverment for the enormous
capital outlays required.

A concept that I reject is that of "procurement" in promoting the
research enterprise. Over a long time our research system, which has been
the envy of the world, has gradually assumed mure and more features char-
acteristic of the federal procurement system, designed for the procurement
of "things". There has been a trend toward specification of particular
research results required and toward the use of the mechanisms of the pro-
cuiement process to address that requirement. Research is too unpre-
dictable and too fragile to treat in this way.

Finally, I want to keep the concept of "excellence' squarely before
us. In the words of the late rAlip Handler, former President of the
National Academy of Sciences: "In science the best is vastly more
important than the next best".

Let me now go back and discuss the elements of the infrastructural
system, and let me begin with the ;eople Thos is the most important
element of all. Without qualified people at all levels, nothing else
matters. The most important people of all are the scientists and
engineers themselves, and while they do not constitute part of the infra-
structure, it is important to consider them in any discussion of science
policy. I will not pursue this subject here but I will discuss the issue
in a separate :etter to the Task Force.

In defining the scope of the study the Task Force stated that "only
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those aspects of science and engineering education which are dicectly
related to research activities should be covered in the Study". I am

unsureof the intent of this statement but I want to emphasize the
importance of skilled supporting technical staff and to state my belief
that an adequate flow of such people may be in jeopardy.

At Cornell University there are five or six supporting staff for
every faculty member. Many of these are custodial staff, other unskilled
workers tnd secretaries. Many others, however, are skilled technical
staff supporting the work of the research faculty. These include elect-
ronic technicians, instrument makers and other more or less traditional
workers. An increasing number, however, are "super technicians", oper-
ating centralized and complex facilities. Among these are electron
microscopy centers, nuclear magnetic resonance facilities, the very lowest
temperature cryogenic laboratories, and crystal growing facilities in

"super clean" rooms.

This is a growing group of te-hnical workers that- we may find in
short supply in the future.

I base my concern on the state of high sdnol science and math-
emetics teaching, which may also jeopardise the flow of scientists

themselves. No more than 20% of high scsool students are exposed to
physics these days, and only 50% are exposed tc as much as two years of
science of any kind. Only 6% of high school students take four years of

mathematics. Further, the number of science teachers in training is
declining.

Row can we interest enough people in science and engineering to net
our future needs, whether for research scientist or for super technician
careers, given this state of affairs? Both the structure and the
infrastructure of research may be at risk.

Research .inataUgUreS and research equipment generally have reached a
state of obsolescense that limits the amount and the quality of research
that is possible in the research universities. In engineering this has
reached proportions that is a factor in turning young research people away
from academic careers. The result is an inability of universities to fill
available engineering faculty teaching and research positions. Academic

careers are simply not as attractive as are induntrial careers. It is
ironic that the great interest in computers and computer-related tech-
noloqies have attracted more and more students at the undergraduate level
but the same technologies are pulling graduates into attractive jobs after
the bachelors degree and are deflecting them from graduate study which
would prepare them for academic research and teaching careers.

In light of this situation, more than half of the young faculty
appointments that are being made in engineering are foreign nationals.

There have been better Nxqprehensive studies of the instrumentation
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and /mime*, shortages than I can give here. I want to stress the large
equipment which is required for the best research in some fields. As we
learn more and more about the underlying phenomena in the fields we study,
we learn more and more about how to measure the things we want to measure.
Inevitably, these new measuring instruments are expensive. For example,

we go to smaller nnd smaller structures in microelectronic tech -
nologies, we reach limits where optical photo-lithographic techiques for
making the small chip structures are inadequate, and we must go to x-ray
lithography and to electron beam writing techniques. The equipment to do
this is large and expensivevery expensive. What we can do with it,
h-4ever, is little short of miraculous.

A technology that has proved of enormous usefulness in studying
atomic and molecular structures, including those in living bodies, is
nuclear magnetic resonance. SUch a machine, large enough to xcomodate a
human body, costs hundreds of thousands of dollars. The same technology
provides powerful analytical tools in fields as diverse as materials
science and molecular biology. Today progress in many fields is limited
by the unavailability of instruments such as these.

These large and expensive machines are leading to the concept of
pooled use. The using pool may be all the interested departments in a
single university or it may be a regional facility serving all the
research laboratories, university and industrial, in the region. as the
need for very expensive equipment develops, the shared use concept is
essential.

Shared use is one example of the 'partnership" concept that I
believe is so important. Other partnerships must also be developed to
magnify the impact of the federal agency equipment support programs that
have begun in recent years. Company-funded instrumentation programs have
been important in selected areas. There appears to be real potential for
constructive partnership with the states, especially when one considerr
the instructional equipment needs which appear to be fully as inportant. as
the research needs in many places. Some states have launched substantial
programs for upgrading scientific equipment. More directed attention to
partnership with the states in sorting out responsibilities for both
research and instructional equipment would be beneficial. Finally, debt
finnncing has been used to fund equipment acquisition. Opportunities for
pooling funds and distributing the debt risk should be explored.

In connection with the equipment problem, and related to the
"people" problem, is the issue of equipment maintenance. As the equipment
teams more sophisticated and expensive, the maintenance technicians
require more training and command higher salaries. The federal
government, the state governments and the universities must resolve the
issue of cost sharing and provide for adequate support staff in this area.

The increasing cast and sophistication of research equipment, and
the requirement to develop partnership approaches, as I have outlined
above, are straining the current administrative procedures and rules, at
both the state and the federal levels. The available procedures require a

ai



67

thorough review.

EacilLtim, as typified by research laboratories, represent another
large national need. It is impossible for me to put any number on the
magnitude of the need. One trust distinguish those cases where new facil-
ites are absolutely essential to the progress of the science in question,
from those where the _:fence can continue to be done in the old 7icil-
itiest but at the price of less than optimum productivity.

In the essential category are 'clean" laboratories for work at the
frontier in microelectronics, 'contained" laboratories for areas of bio-
technology such as recombinant DNR work, facilities to handle toxic waste
and perhaps adequate animal care facilities. It is igpossible, or at best
cost ineffective, to provide such badly needed facilites by renovating old
buildings. Research in the fields I have mentioned is facility limited.

In other areas with inadequate facilities, renovation may be both
adequate and cost effective. Again I can put no numbers on the problegs.
i Know of no studies which have provided adequate data. The total need
for new and renovated facilities is certainly measured in billions of
dollars.

To provide facilities, we need a national program, again based on
the partnership concept, that will regularize the facilities appropriation
process, that will provide for caqprehensive merit review taking into
acarunt social and economic factors as well as scientific nerit and which
will leverage federal funds to the maxinum degree possible.

As we develop programs to address these facility needs we gust think
about new ways to finance them. Given the magnitude of the problem, and
given the degree to which the national welfare depends on solving such
problems, the federal goverment nust necessarily play the lead role.
There is no possibility, howeveL, that the federal government will provide
funds in an amount sufficient to relieve the accunulated need.

Various approaches have been proposed for discussion within the
Research Roundtaole. I put them forward here not as recalmendati.as but
as suggestions deserving further examination. I also assume that any
national program will include sone, or a combination, of these
approaches.

Using the terms of the financial wrld, eauity financiang can be
provided through direct federal appropriations, set-asides from current
federal R and D progress, realistic depreciation charges on federal
research grants and matching funds from universities, from states, from
industry and from gifts.

Further leverage on these funds can be 2rovided through debt finan-
cing. We must look for a way to use federal funds as a base for a
national program of construction bcnd issues, preferably tax-exenpt, to be
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amortized over a period of yearssay 10 or I5--frcen one, or a combin-
ation, of the equity sources listed above.

4
The Government- Industry - Research Roundtable, which I represent, will

conduct a two-day conference in JUly, under joint sponsorship with the
Office of Science and Technology Policy and the National Science Ho4rd; to
explore approaches such as these to provide academic research faciritIes.
Part of the discussion will focus on financing mechanisms. We are

experts from the investment banking world into the planning for this
conference. We expect to have Clongressional reprewentation at the con-
ference: of course.

I-include researeeljhreries as a vital part of the research
infrastructure. These libraries are essential elements in the preser-
vation and transmission of knowledge and in the creation of new know-
ledge. The ways these libraries are operated and used have evolved
sebstantially over the past two decades, with consequent expansion in
staff, equipment and expenseespecially the latter.

New data management technology and new camemication technology have
given the research scientist research tools not previously availuble, aad
these tools hold the promise for entirely new ways to comuunicate through
the written word. The systems nat in place are impressivein a matter of
seconds an investigator can locate any book or other bibliographic
material cataloged by any one of the nation's major research libraries.

There is also the promise of replacing the hard text copy of written
material with ccaEuter screen readouts or rapid printouts of text that is
of interest. This promise is still a long way from materialization, how-
ever. In fact the computerized library systems as they exist, still have
a long way, to go to provide the optlymn service to scientific inves-
tigators.

These libraries, with their new library services, are essential
elenents of the research enterprise. We must find ways to invest in them
in the same way we invest in other research infrastructures.

Finally, I will discuss the utlif zgletleneblge which I
think important in promoting rc.earch of the quality best designed to
serve the national interest.

I have alr,ady touched on this subject in my discussion of "invest-
ment" vs "procurement" concepts. Consideration of these concepts leads to
study of the entire granting and contracting practices in the support of
research. I want to emphasize that the system we developed following
World War II, based on the Bush Report and leading to the creation of the
National Science Foundation and the greatly expanded National Institutes
of Health, is an excellent system.

However, over the decades the system has adapted to changing
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conditions and changing requirements by applying patches. Substantial
bureaucratic accretion has resulted and elements of the system, most
notably the infrastructure that we are addressing be e toda" have gone

unattended. The current system of rules, regulations and procedures is
inappropriate for the most effective operation of the research system. It

is time to take a look at the entire research supporting enterprise to see
how it might be simplified and modified to serve the national peed more
efficiently. TO this end, the Research Roundtable is sponsoring a sdne-day
event on June 5 to explore the issues. Participants will include federal
agency officials, university officials, research scientists, research
administrators and °therm concerned about the efficacy of the system.

There are other institutional arrangements that are important. I

think that new organizational patterns are necessary for the univer-
sities. With fewer tenure-track positions available they must find new
ways to appoint more research scientists, and they must find ways to bring
"new blood" into their aging faculties.

We have seen the evolution of many cooperative ventures between
cuiversities and industry in recent years. There are important reasons
for these developments. I believe that industry is more dependent on
universities than in the past for help in bringing new ideas to the
marketplace. The developments in biotechnology are one example. Micro-
electronics and artificial intelligence are others. These developments
have proceeded at a time when universities are resource limited in
pursuing research in these fields. So they, too, look to the new
industrial alliances with enthusiasm.

The new technologies and the new alliances bring with them pressures
on the university for more effective xultidisciplinary research and edu-

cation. The most productive research at the frontiers of science also
dem.nd interdisciplinary approaches. At a symposium last year honoring
the 1983 American Nobel laureates, several earlier Nobel laureates from a
variety of disciplines all said that the most exciting science is devel-
oping at the interface between disciplines, not within single discip-
lines. Modifications in federal funding procedures and in university
structure and reward systems are required in order to pursue these
opportunities.

Toe Research Roundtable is conducting a set of case studies of new
uivers,ty-industry alliances to examine what the effects are. What is
happening to graduate education in the participating universities? Are
the alliances effective' in bringing new and important ideas to the market
place sooner? What new institutional arrangements within universities and
within industry are required to make the alliances productive?

Another institutional arrangment worthy of consideration is that by
which the federally suppoc:ed national laboratories develop programs that
are of joint interest with industry and universities. I want only to

mention this, without any analysis of the opportunities.

I will conclude by mentioning, with no detailed discussion or
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analysis, the most difficult and complex of all infrastructure issuesthe
appropriate size of 'he academic research system, the roles of the
research universities and their relationship to other institutions in our
society.

Our system has been driven by a number of forces since World War
II. In the years after that war there was popular belief that science
could solve any societal problem. When that illusion was fading Sputnik
put renewed vigor into our educational and research systems and there was
a period of great vitality. The move to the "great society" in the 1960s
led to an enormous expansion of our educational system and we built
capacity we do not now need. As we back away from the concepts of that
era, great strains have been introduced. As we seek ways to relieve those
strains we must examine the overall size and scope of the educational and
research enterprise.. Some parts of the system will need expansion. Other
parts will need contraction.

I have no advice on how best to carry out this difficult examin-
ation. The Research Roundtable has not come to grips with it. Some
states, Michigan for example, are tackling the problem in the context of
their own needs.

1b sum up: I have interpreted the term "infrastructure" broadly. I

see the entire system supporting our national research effort as a
national investment enterprise, including many sectors of our society,
with the Zederal government necessarily being one of the principal
partners. The enterprise is in need of revitalization and as the Task
Force proceeds with its study there are two concepts I hope you will keep
before you: "investment" and "partnership".

Thank you for the opportunity to discuss these matters with you.

DISCUSSION

Mr. BROWN [acting chairman]. Thank you, Dr. Corson.
I commend you and the Research Roundtable for the initiatives

that you ate taking. I perceive in these initiatives the possibility of
developing the strategies to address a number of the problems that
we face if all of your meetings and conferences are successful. I
hope they will be.

I brought out earlier in questioning Dr. Healy the fact that many
of the things that you are doing are embodied in the Science Policy
Act, which placed some of these responsibilities on the President's
Science Advisor. I note that in your activities, you ..re maintaining
a close liaison with that office, and I hope that you will consider
that what you are doing is an extension to what we have indicated
is desirable in that particular piece of legislation.

Let me raise one problem which you will be addressing in some
of your activities, but it seems to me to be particularly important,
and that is the situation involving maintaining an adequate supply
of competent research faculty. In a situation where you may, and
in fact have in some parts of the past, recent past, experienced a
decline in students, a decline in the number of tenured faculty
which the institutions are able to maintain has been part of the
decrease in students. At the same time, our needs for the research
that would be done by those faculty members is increasing, which
seems to perhaps indicate too close a coupling between the teach-
ing and the reseat.:_ activity. We may be needing an increase in
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research at the same time we are needing a decrease in teaching
because of the decline in the number of students.

Now, there are solutions to that problem. One direction, of
course, is t greater emphasis on cooperative research between
universities and industries, which would provide an outlet for addi-
tional university research personnel, and would be beneficial to all
concerned, and there are probably other avenues, such as placing a
greater emphasis upon the kind of research institutions that are
best exemplified by the Max Plank Institutes in Germany.

Is it your feeling that the Research Roundtable might be able to
present some attractive solutions to this problem which could be
considered in terms of some rather significant changes in the way
we organize the research and teaching capabilities of this Nation
as a whole?

Dr. CORSON. Well, let me address the problem. Let me say at the
beginning that it is going to take the best effort of everybody that
can be brought to bear on the problem to deal with these issues,
and I want to point out that Dr. Healy is a participant in some of
our RoUndtable activities; we maintain close link to that office.

When you asked if we can provide solutions, you are asking for a
great deal. If you want to talk about illum:..ation and discussion of
the problems, we can certainly do that. Le` me talk a little bit
about the university versus the research institute, which you
raised.

We are in a difficult situation in the eountry right now. The uni-
versities are under a great deal of strain in the first place. In the
sciences, we have little opportunity to make new faculty appoint-
ments in the next decade even because of the bulge of faculty
people that came in during the great expansion in the universities
in the 1960's in physics and chemistry and mathematics; this is
particularly serious. At Cornell, for example, in those three depart-
ments in the next decade, unless something special is done, there
are no opportunities for more than two or three appointments in
all three departments, and all three are large departments.

At the same time, the need for research in areas that are pri-
marily university-based, are to a large degree university-based, is
growing. Tor example, in biotechnology, microelectronics, in artifi-
cial intelligence and ether computer developments, there is a need
for universities to link themselves with industry or for industry to
link themselves with universities in bringing these new technol-
ogies to the marketplace more rapidly.

A great deal more research is needed in these areas, but the uni-
versities have no capacity to appoint the necessary people except in
engineering, where there are openings that can't be filled. But in
the basic sciences, there is no opportunity to appoint new people,
and there is not going tc be for a decade. So this mear i that the
universities must develop some new structures, or we must have
some new restructure, as you point out.

There is a Soviet model which is research institutes largely di-
vorced from universities. I don't think that is a very good model. A
mere successful model is this Max Plank Institute, one that you
mentioned, which again is divorced from the universities, but I
think more closely tied to the universities than in the Soviet case.
There is--as Dr. Healy pointed out in her testimony, we built so
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much strength into our system, where we tied teaching and re-
search, that it seems to me that it by far will be best to serve our
national interest if we maintain that link and find ways to solve
the problems.

The way we are going to solve the problems, I think, is to build
research institutes that are going to be parallel in part, linked to
universities, but not with a staff that is full-fledged members of
university faculties. They can be adjunct appointments, joint ap-
pointments, they can teach classes, the institute people can teach
classes, they can supervise graduate students if the arrangements
are developed most effectivelythe institutes will be separately fi-
nanced and managed probably. It is good to take all the wisdom
anybody can bring to bear in developing these, this relationship,
but I think it is essential, if we are to provide research activities
that these new fields require, where that activity is based to to
large extent in the universities.

I don't know exactly how it is going to go, but these institutes
are springing up in biotechnology, microelectronics, and my own
strong recommendation is to keep the teaching and the research to-
gether. Ono can make a strong case for the proposition that the
role of the university is to teach peope to solve difficult, novel
problems and that the way we do that is by apprenticing students
to people who are themselves solving difficult, novel problems and
in the process, we are turning out some of the world's best scien-
tists, and we az producing some of the world's best research.

Mr. BLowN. Well, I appreciate that response. I think that we
have the capability in this country to develop a model which is su-
perior to anything that any other country has done. In each of Cue
other countries that we can look to, the ones that you have men-
tioned and others, their particular structural pattern arose out of
their historical experience, just as ours did. Our superiority is
going to consist of developing for ourselves, based on our historical
experience, something that is better suited to cope with the prob-
lems of the future and the capabilities to analyze and visualize
what that structure will be that will give us our leadership in the
world.

There are the problems that we have referred to here that need
to be overcome. The coupling of research in teaching at a time
when they get out of phase, the problems that you have at Cornell,
the problems that your teaching is basically disciplinary while the
need for interdisciplinary research is growing, and we have to de-
velop a model in which we can combine the strengths of both kinds
of systems. And it would be my hope that in your wisdom in the
Research Roundtable that you could, at least in stimulating a dis-
cussion of these things, pose some alternatives that could be exam-
ined critically, and we could develop some answers that will help
us to cope with the next generation instead of continually worrying
about the failures of the past.

Dr. CORSON. One of our working groups is addressing this very
issue, the changes in the structure of the university among other
institutions; it is going to have to take place if we are to meet the
challenge adequately. The chairman of that working group is
Harold Shapiro, president of the University of Michigan, and the
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cochairman is Ed Jefferson, who is CEO of Du Pont. We have got
some good talent thinking about the problem.

Mr. BROWN. I think there comes to my mind some of the out-
standing interdisciplinary research organizations in this country, of
which the Bell Labs and Watson Laboratories at IBM are exam-
ples. The research done there is first-rate quality and includes both
the applied and basic research. There is also a strong emphasis on
teaching; a good number of the staff that I have met there are ad-
junct professors at some institutions, outstanding institutions gen-
erally.

Yet to achieve a proper meld between those facilities, those insti-
tutions, and the needs of the great teaching and research universi-
ties is going to take some real imagination if we are going to solve
our problems.

Dr. CORSON. I am assured by my efforts over the past 20 years to
build that kind of activity at Cornell, and I know some of the
things that work, and I know a lot of the things that don't work.

Mr. FROWN. Tank you, Mr. Chairman.
Mr. FUQUA [presiding]. Mr. Lewis.
Mr. LEWIS. I have no questions.
Mr. FUQUA. I have one question, Dr. Corson. Back when you

were president of Cornell, and starting after Sputnik when the Na-
tional Defense Education Act, some of the others, we had some
block grant programs at universities then that later changed to
more project type grants. Do you see that as having an impact on
the decline of some of the infrastructure that we are talking about
today? In other words, have we caused our own problem?

Dr. CORSON. I think the problem is so complex, it is hard to place
blame in any one place, but some of the block grant programs were
extraordinarily successful. Let me give an example.

In about 1960, the Defense Department Ftarted the Materials Re-
search Laboratory venture ARPA [Advanced Research Projects
Agency], was the sponsor. NSF took that over after a few years,
and they promoted a series of interdisciplinary laboratories in the
materials field. There are something like 11 of those in the first
round and a few more were added later.

Those appear to me to be some of the most successful federally -
sponsored research efforts going. Those are block grants, at least at
Cornell it is, where the grant comes to the university, and the
whole program is reviewed very carefully by high level review
teams periodically, NSF organizations. The program is adminis-
tered locally by a steering committee made up of working scien-
tists, 'iniversity administrators, and I don't know what the freedom
is, the dgree of freedom I have forgottento use that money for
facilities, but we have built with that program large central facili-
ties.

For example, there is a so-called millidegree lowest
temperaturesfor doing cryogenic work on superconductivity. A
high pressure facilay where .people have now made soEds aid are
perhaps on the verge of making metallic hydrogen, which will pro-
vide a great deal of understanding about some of the fue.damental
structural possibilities for new materials.

There are crystal growing facilities, clean rooms, maximum
cleanlinessthese have all been built out of that block grant pro-
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gram with local decision. There is an opportunity to fund young
people when a young investigator develops new ideas, where in
some of the conventional fundmg mechanisms there at least would
be a to delay, and perhaps you would stand no chance against
the established investigators; he can get support based on the confi-
dence of his local peers.

There is the opportunity to support established investigators who
want to change fields, who have a new idea. It has been, in my
opinion, one of the most successful federally-supported programsI
don't mean at Cornell, but the whole MRL [Material Research Lab-
oratories] around the count7and I applaud that, and I hope
there will be more opportunities to go that direction in the future.
And I do not believe the program has been abused in any way by
this system.

Mr. FUQUA. Thank you very much. We appr :ate that.
Mr. BROWN. Before you leave, Dr. Corson, it has occurred to me

from time to time that one of the reasons for the excellence of our
biological research and our leadership in this area and our general
health research might be the fact that wo have a model of very
close cooperation between our outstanding hospitals in Lhis country
and our outstanding medical schools frequently.

I know you can think of many exampJfi of this. Massachusetts
General and Harvard and others to the point where over the last
10 years, or 20 years, in establishing new Federal hospitals, veter-
ans hospitals, for example, it has almost become a requirement
that they be associated with a medical research facility at a medi-
cal school, or something c f that sort. That seems to have been
healthy, both in terms of fundamental research in biology and
medicine and in improved health care for individuals. We are talk-
ing about doing something like this in the nonbiological sciences. I
am wondering if we shouldn't conJeptualize this a little bit more
clearly than we have.

It seems to me that what we have seen is almost an accidental
growth in this kind of coupling between research and teaching in-
stitutions, and that perhaps we should recognize the need to formu-
late specific policy to encourage this in all of the fields of science.

We are looking at plant biotechnology today as being a neglected
area. Perhaps one of the reasons for that is that we don't have that
kind of close coupling between research and practice in the plant
field that we have had in the human field and that we need to en-
courage it there as well in physics and chemistry and engineering
and all of the other areas that we are talking about.

I don't know how this could be brought about, but it seems to me
that this is the line of thinking that we are pursuing in an effort to
bridge this gap that seems to exist here.

Dr. CORSON. Let me comment a little bit about the complexities
of doing that.

It depends on the nature of the technology at hand and the
degree to which the university or the research scientists participate
in the application of the science that he helps develop. In medicine,
whereas you point out the medical college and the medical college
faculty and the teaching hospital is the preeminent place vhere
new medical technology is applied, that is the one place where the
people who are doing the research are also the ones who arethe
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applied scientists who the applied science testsare carried out in
the hospital by the very people who have done it there. They are
all MD's that are involved.

If you go to the other extreme, and you go to aeronautical engi-
neering, there is no possibility that -ze university can become
closely involved with the application of the basic science at hand.
The scale is simply too large for the university to be closely linked.
The scale, whatever the entire price is, must be human scale to
have universities directly involved with facilities on campus. To
apply high velocity gas dynamics in rocket development is not fea-
sible. The scale is wrong.

At the intermediate range are some of the plant agricultural ac-
tivities, fgr example, in plant genetics- developing new seed vari-
eties, disease-resistant seed varieties. These are developed in uni-
versities and in university-related experiment stations up to the
point where samples of new seed in sufficient quantity to grow a
small crop to carry the tests through that implementation stage
before the seeds are turned over to la ge seed companies for quan-
tity production. This is an intermediate situation that is on a scale
where the link between the university that does the basic science
and the plkr of that science can be close enough to make it prof-
itable.

I think we have to look at the technology involved. Some of it is
going to be well served by bringing the university and industry
close together in the cooperative venture that is typified in a medi-
cal school teaching hospital setting. Others of it are going to be on
such a scale that it is impractical. I suspect that many of the
things that we are talking about in microelectronics and biotech-
nology are on a scale that make the cooperation profitable.

Mr. BROWN. Well, I don't want to question the validity of your
point there, but it seems to me that the scale is in the eye of the
beholde-. There has been for 49 years a close working relationship
between the Caltech, for exauiple, and Jet Propulsion Laboratory,
which has don!: i2 lot of work in the aircraft propulsion, aerody-

,unics and so forth, as well as being the foundation of the space
p_ ogram. I am not sure that they have the best possible coupling
there, but they do have a coupling which is important.

Dr. CORSON. Yes, it is a rather loose coupling.
Mr. BROWN. Yes, but
Dr. CORSON. MIT and Lincoln Laboratory. MIT and Draper Lab-

oratories and all missile guidance.
Mr. BROWN. If we think in terms of institutional changes for

both the universities and industrial research facilities, we might be
able to overcome some of these problems of scale that you are talk-
ing about.

Dr. CORSON. I think that we must address those problems and
face up to the troubles and find ways of making new relationships
work. I think we can.

Mr. BROWN [presiding]. Thank you very much, Dr. Corson, for
your very helllful testimony.

Our last witness this morning is Dr. Edward Hollander, chancel-
lor, Department Higher Education of New Jersey, and we wel-
come him here th.. morning, and we "very much appreciate your
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being able to be here on I understand what is fairly short notice,
Dr. Hollander.

Dr. HOLLANDER. Yes, sir.
Mr. BROWN. It is a tribute to your understanding of the impor-

tance of the subject that we are discussing, and we are very grate-
ful to you.

STATEMENT OF DR. T. EDWARD HOLLANDER, CHANCELLOR, DE-
PARTMENT OF HIGHER EDUCATION. STATE OF NEW JERSEY,
TRENTON, NJ

Dr. HOLLANDER. Thank you very much. I have given you two
statements, a longer statement for the record, and then a shorter
statement which I would like to present directly to the committee.

Mr. BROWN. The full statement will appear in the record.
Mr. HOLLANDER. Thank you.
Higher education has contributed to national science policy by

building a basic research capability upon an intellectual base
rooted in the liberal western tradition. Future progress rests upon
stimulating the graduate and research capabilities of America'e
universities as a national policy. One means to achieve this end is
a new collaboration between higher education, the State, the Fed-
eral Government, and industry.

My purpose here is to call for a renewal of the public role in fur-
therance of science education at all levels, in furtherance of gradu-
ate and research capabilities in the sciences and applied sciences
and in the stimulation of the higher education-industry pal Men
ship.

Using my own State, New Jersey, as illustration, I will report on
how one State has responded to the withering away of national
commitment to the infrastructure of higher education. Subsequent-
ly, I shall argue f r a renewed Federal commitment to complement
State efforts.

In New Jerss'y, Governor Kean is determined to make higher
education more entreprenewal. While protecting institutional base
budgets from enrollment ei vsion, he has proposed funding new ini-
tiatives on a challenge grant basis, that is, requiring that public
and independent institutions compete for new funds. Additionally,
the Governor has secured passage of a $90 million bond issue and
has directed annual appropriations towards economy, development
through support of basic and applied research at New Jerseys uni-
versities. Still further, he has supported financing of improvement
in science and mathematics educatic . at all levels of schooling in
the State.

A longstanding and major State commitment to science and tech-
nology is New Jersey's support of the intellectual and technological
infrastructure of research-oriented institutions. For example,
a' Host half of the State's total appropriation for higher education,
or $300 million annually, supports the State's three public universi-
ties, Rutgers, the University of Medicine and Dentistry of New
Jersey, and the New Jersey Institute of Technology. These funds
include support for research facilities, laboratories, and libraries.
They permit reduced faculty teaching loads to support research,
basic and applied. They support special highly paid distinguished
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research scientists and humanities. The State finances the gradu-
ate programs that educate the Nation's instructors and research
scientists. Private funds and Federal support have built and main-
tained similar efforts at Princeton University and Stevens Institute
of Technology.

The poin4- m that this Nation's university-based research capacity
has been built and is n_aintained in large measure by State govern-
ment.

New in New Jersey this year is Governor Kean's challenge to
New Jersey's higler education institutions to reach for national
status through impro,:ed quality. The State is helping Rutgers Uni-
versity to increase its operating budget by $60 million annually,
over a 3-year period. The new funds will strengthen the universi-
ty's research capability by financing the recruitment of world-class
scholars, young faculty members and graduate assistants. New
funds will enhance the library and 'finance computer acquisitions.
A similar program has been established for the State's technologi-
cal university, the New Jersey Institute of Technology.

Complementary challenge grant programs have been established
for all of the State's teaching institutions. A challenge grant fund
of up to $M million, over 3 years, will strengthen the nine State
colleges. A fund that could reach over $25 million is dedicated to
providing competitive grants cor technological equipment acquisi-
tions and computer applications at all public and private institu-
tions. Over $3 million has already been provided to retrain primary
and secondary school teachers of mathematics and science. New
teacher training requirements emphasize liberal education with a
required major in a field of study in the sciences, social sciences, or
the humanities. Remedial education is required to be provided to
every freshman admitted to a public college who is deficient in
verbal or mathematical ability. Competitive challenge grant funds
also are available to strengthen education in the humanities, for-
eign languages, global education, and the improvement of teaching.

Merit-based scholarships for undergraduates and State graduate
fellowships tell students we care about scholarship and intellectual
development. All of these efforts and others are designed to
strengthen quality in undergraduate teaching, with emphasis in
science and technology.

These efforts are complemented by the new funding of science
and technology as recommended by the report of the Commission
on Science and Technology.

The Commission, after an 18-month study, proposed a program
frIr economic development using the State's research iversities.
'Qer review teams identify fields of priority development m the
qte and select institutions best 'Al( to undertake collaborative

research with industry. State funding b contingent upon matching
industry funds for research activiAy. State capital funds finance
major research centers for industry-academic research in priority
fields. University-based technical extension centers disse 'Mate
state-of-the-art development throughout the industry. Research
grants to ;acuity and institutions stimulate research interest and
attract faculty to areas selected for priority development in the
State. Funds are also available to finance new facilities for new
technology programs in scientific and technological fields.
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Last year a $90 million bond issue was passed to implement the
recommendations of the Commission. The Commission's operating
1,2dget, established especially to stimulate research, is $16 million
for the 1985-86 fiscal year.

What hail been accomplished or provided for thus far?
A $24 million Center for Advanced Biotechnology will be con-

structed for Rutgers University and the University of Medicine and
Denistry of New Jersey. Partial capital support will be provided to-
wards Princeton University's $43 million biotechnology program.
An additional $11 million will finance construction at the Waks-
_man Institute of Rutgers and at the University of Medicine and
Denistry of NeW Jersey.

New Jersey Institute of Technology will house a new Cooperative
Research Center for Hazardous and Toxic Waste Management. The
center is also supported by the National Science Foundation. Indus-
trial company members, currently 12, contribute research guidance
and $30,000 each to annual operating needs.

A Center for Ceramics Research has been established at Rutgers
with suppoz t from the National Science Foundation. The Center
enjoys over $1 million in industrial support through affiliate fees of
$30,000 from each of 32 companies Under consideration is the de-
velopment of a sezond wing for research in fiber optic materials.

Rutgers University's Cook College will house a Center for Ad-
vanced Food Technology. Food processing is a $6 billion industry in
New Jersey.

The Commission also has made grants in the areas of telematics,
surface modification technology, and computer-aided manufactur-
ing. New areas under study are fisheries development and aquacul-
ture.

New Jersey has been selected as a national site for a supercom-
puter facility. Commission funding helped sway the decision New
Jersey's way. The State funding will lend the supercomputer to
New Jersey's research uhiversities.

Two computer-integrated facilitiesone in South Jersey and one
in Newarkwill be established jointly by NJIT and the State's
community college. The centers will provide research and training
in the application of robotics to the manufacturing process.

New educational and training programs have been established
throughout the State's Nigher education system in such E.:ds as
laser optics, computer-aided design, software development, ...id ro-
botics. Tndustry has been an active partner in program develop-
ment.

New Jersey's efforts are ambitious and expensive. We believe
that a stronger higher education systems serves New Jersey's resi-
dents who seek collegiate education in the State's institutions.

We believe, too, that strengthening the higher education system's
capacity for teaching and research in science and technology con-
tributes significantly to the State's economy, to employment and
the economic well-being of all of our residents. Through each pro-
gram in the Governor's science and technology efforts and the col-
lege grant program, New Jersey's research institutions are better
able to contribute to national needs and n .tional goals in science
and technology.
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New Jersey efforts are no different from the efforts of many
States across the Nation. States support the research universities
in the public sector and, in many States, in the private sector as
well.

Special State efforts in science and technology are also common.
Through such efforts, States finance initiatives that are also prop-
erly the responsibility of the Federal Government.

Where is the Federal Government in these initiatives?
Federal financing of research through the National Science

Foundation, the National Endowments, and Federal departments
related directly to applied research needsFederal efforts in these
areas have been adequate, if not substantial.

Even so, the States have had to shoulder at least two burdens
that deserve Federal help because they are primarily national
rather than State priorities.

While States have maintained the intellectual and technological
infrastructure for graduate education in the sciences, engineering
and related technologies, they do not, should not and cimmot fi-
nance fellowship for students who enroll in such studies.

Doctoral students in all disciplines serve a national need; they
are highly mobile individuals who often leave a State upon comple
tion of doctoral studies. This support in doctoral studies clearly is a
Federal responsibility and not a State responsibility. The Fedaral
Government has 'eeen derelict in this area.

National graduate fellowships, awarded competitively, will
assure that the most talented young people will pursue careers in
basic and applied research. Now many of the best students are
drawn to study in business, law, engineering and other professions
where high rewards are coupled with less costly academic prepara-
tion.

Our doctoral Drograms in science and engineering enjoy heavy
enrollments of foreign students who constitute a majority of stu-
lents at our public institutions.

Where is the next generation of American research scientists?
They are not at our universities in sufficient numbers today.

The States oumot afford to pay for all of the costly research fa-
cilities and state-of-the-art equipment needed in today's research
and :nstructional programs. The States do shoulder a large share of
the costs. That they cannot come near to doing the whole job is re-
flected in the higher dependence on obsolete, poorly maintained
and inadequate equipment.

We have come to be dependent on private industry for donations
of obsolete equipment. The States need Federal help to maintain
up- to -dat' facilities for teaching and research.

The New Jersey unemployment rate is 6.2 percent, below the na-
tional average. It is low because our State has created a climate
supportive to emergent industries. New university/industry re-
search collaboration can spinoff new companies, new industries,
new jobs. The new jobs replace those lost in the declining blue-
collar industries.

Our unemployment rate of 6.2 percent is 1-lo high. In part, it is
so _nigh because vacant positions go begging while the unemployed
and underemployed are not qualified to fill them.
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We are determined to keep the economy growing b.; stimulating
applied research and entrepreneurship. We are equally determined
to keep the economy growing by improved technological literacy
among all potential employees in all of the States, urban as well as
surburban communities.

We want a renewed Federal effort in support of basic research to
complement the new State initiatives.

Thank you very much.
[The erepared statement of Dr. Hollander follows:]
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Higher education has contributed to national science Policy by

ouilding a basic research capaaility upon an innllectual base rooted

in the liberal western tradition. Fut. progress rests upon

stimulating the graduate and research capabilities o. America's

universities as a national policy, One means to achieve tois end is a

new collaboration between higher education, the state, the federal

government and industry.

My purpose here is to call for a renewal of the public role in

furtherance of science education at all levels, in furtherance

graduate and research capabilities in tne sciences and applied

sciences and in the stimulation of the higher education- industry

partnership.

Using my own state, New Jersey, as illustration, I will report

on on one state has responded to the withering away of national

commitment to the infrastructure of higher education. Subsequently, I

shall argue for a renewed federal commitment to complement state

efforts,

In New Jersey, Governor Kern is determined to make higher

education more entrepreneural. While protecting institutional base

budgets from enrollment erosion, he has proposed funding new

initiatives on a "challenge grant" basis, that is, requiring that

public and independent institutions compete for new funds.

Additionally, the governor has secured passage of a $90 million loqnd

90



83

issue and has airected annual approariations ;awards economic

development through suaport of basic and appli:d research at 'lei

Jersey's universities. Still further, he has supported financing of

improvement in science and matnemutics education at all levels of

schooling in the state.

A long-stondin, and major state commitment to science and

technology is New Jersey's support of tne "intellectual and

technological" infrastructure of research oriented instititutions.

For example, almost half of the state's total appropriation for higner

education, or $300 million annually, supports the state's three public

universities, Rutgers, the University of Medicine and Dentistry of New

Jersey and the New Jersey Institute of Technology. These funds

include support for research facilities, laboratories and libraries.

They permit reduced faculty teaching loads to support research, basic

and applied. They support special highly paid distinguished research

scientists and humanists, the state finances the graduate programs

that educate the nation's instructors and research scientists.

Private funds have built and maintained similar efforts at Princeton

University and Stevens Institute of Technology.

The point is that t1is nation's university based research

capacity has t;en ouilt and Is maintained in lurge measure by state

government.
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Ned in New Jersey tois year is Governor neon's caallenge to New

Jersey's higoer education institutions to reach for national status

through improved quality. The state is helping Rutsers University to

increase its operating budget by $60 mil ion annually (over a

tnree-year period). The new funds will st engthen the University's

research capability by financing the recruitment of world-class

scholars, young faculty members, and graduate assistants. New funds

will enhonce the library and finance computer acquisit,ons. A similar

program has oeen established far tne state's technological university,

the New Jersey Institute of Technology.

Complementary "challenge grant" programs hove been established

for all of the state's teaching institutions. A challenge grant fund

of up to $30 million (aver three years) will strengthen the nine state

colleges. A fund that could reach aver $25 million is dedicated to

providing competitive grants far technological equipment acquisitions

and computer applications at all public and private institutions.

Over three million dollars has already been provided to retrain

primary and secondary school teachers of mathematics and science. New

teacher training requirments emphasize liberal education wit) a

required major in a iield of study in the sciences, social sciences or

the humanities. Remedial education is required to be provided to

every freshman oumitted to a public college who is deficient in verbal

or mothemical ability. Competitive challenge grant funds also are

available to strengthen education in the humanities, foreign

languages, global education, and the I Irovement of teaching.
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scoolorsnips for undergraduates unJ state graduate

fell-Jwsn:ps tell students we care about scholTsaip and intellectual

develo:ment. All of tease efforts and others are designed to

strengtnen quality in undergraduate teaching, with emphasis in

science and technology.

These efforts are complemented by the nei funding of science

and technology as recommended by the report of tne Commission or

Science and TechologY. Established by Executive Order in 1932 on my

recommendation and the recommendation of several college presidents,

the Commission proposed a pragran of economic development through neu

partnerships between graduote research institutions.

Tne Commission, after an eighteen month study, proposed a

program for economic development using the state's research

universities. Peer review teams identify fields of priority

development in the state and select institutions best able to

undertake collaborative research with industry. State funding is

contingent upon matching industry funds for research. activity. Stute

capital funds finance major reseach centers for industry-ucademic

research in priority fields. University-based technical extension

centers disseminate state-of-the-art development throughout the

industry. Research grants to faculty and institutions stimulate

researcn interest and attract faculty to areas selected for priority

development in the state. Funds are also available to finance new

facilities for new teaching programs in scientific and technological

fields.
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Last year u $90 million bond issue was passed to iroianeht tie

rec:AmendJtions of the Commission. The Commission's aperoting buJ,:t

established especially to stimulate reseorca is $15 -union for the

1985-85 fiscol yeur. Waot hos been accomplished or provided for thus

for?

-- A $24 million Center for Advonced Biotechnology will be

constructed for Rutgers University ond the University of

Medicine and Dentistry of New Jersey. Pcrtiol capital

support will be provided towards Princeton University's $43

million biotechnology program. An odditicial $11 million

will finance construction at the Reisman Institute of

Rutgers and at the University of Medicine ond Dentistry of

New . Jersey,

New Jersey Institute of Technology will nouse o fled

Cooperative Research Center for ilozar:ous and Toxic Waste

Management, The center is also supported by the Notional

Science Foundation, Industriol company members, currently

12, contribute research guidance and $30,000 each to annual

operating needs.

A Center for Ceramics Research has been estoblished at

Rutgers with support from tne Motional Science Foundation.

Tne center enjoys over one million dollars in industrial

support toroPgh offiliote fees of $30,000 from eacn of 32

companies. Under consideration is tne development of a

second wing for reseoch in fiber optic materials.
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Rutgers University's Cook College will no,:se a Center for

Advanced Food Technology. Food process:rig is 3 $5 pillion

industry in led Je-sey.

Inc Commission also has made grants in tne areas of

telematics, surface modification technology, and computer

aided manufacturing. New areas under study are fisheries

development and aquaculture.

-- New Jersey has been selected as a notional site for a

supercomputer facility. Commission funding nelped sway the

decision New Jersey's day. The state funding will lend the

supercomputer to New Jersey's research universities.

Two computer integrated facilities--nne in Sautn Jersey and

one in Newark- -will be established Jointly by NJIT and the

state's community colleges. The centers will provide

research and training in the coplication of robotics to the

monufocturing processes,

-- New educational and training programs have been established

throughout the state's higher education system in such

fields as laser optics, computer aided design, software

development and robotics. Industry has been an active

Donner in program development.

Ned Jersey's efforts are ambitious and expensive. I believe

tnat a strong higher education systan serves hew Jersey's residents

who seek collegiate education in the stote's institutions. We

believe, too, that strengthening the higher education systems capacity
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for teutaing kind research in science and technology coatriJJtes

significantly to the state's economy, to employment and tle econolic
4

well-being of all of our residents. Through each progran in tne

Governor's science and technology efirts and tae challenge grant

program, i;ew Jersey's research institutions ore better tole to

contribute to notional needs and national goals in science and

technology.

!few Jersey efforts ore no different from tne efforts of many

states across tne notion. States support tne research universities in

the wont sector and, in many state, in tne private sector as well.

Special state efforts in science ord technology are also comon.

Through such efforts, states finaice initiatives that are also

properly tne responsioility of the federal government.

Where in tne federal government are tnese initiatives? Federal

financing of research through the Motional Science Foundation, the

Notional Endowments, and federal departments related directly to

applied research needs. Federal efforts in tnese areas nave been

odeouote, if not substantial. Even so, tni: states hove hod to

shoulder at least two burdens that deserve federal help oecouse they

are primarily national rather than state priorities.

Wnile states hove maintained the "intellectual and

technological" infrastructure for graduate education in the sciences,

engineering and related technologies, they do not, should not and
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cannot finance fellowship for students um enroll in such studies.

Doctoral stucents is all disciplines serve a notional need; taey are

Aighly mane inaividuals who often leave a state upon Completion of

doctoral studies. This support in doctoral studies clearly is

federal responsibility and not a state responsibility. Tile federal

government has been derelict in this area. Notional graduate

fellowships, awarded competitively dill assure that the most talented

young people dill pursue careers in oosic end oppliea researca. Now

mony of the best students are drawn to study in business, law,

engineering and other professions where high rewards are coupled Atli

less costly academic preparation. Our doctoral programs in science

and engineering enjoy heavy enrollments of foreign students who

constitute a majority of students at our pudic institutions.

is tne next generation of American research scientists? They are not

at our universities in sufficient numbers today.

The states cannot afford to pay for all of the costly research

facilities and state-of-the-art equipment needed in today's research

and instructional programs. The states do shoulder a large shore of

the costs. That they cannot come near to doing the whole job is

reflected in the higher dependence on obsolete, poorly maintained and

inadequate eouipcent. U2 have come to oe dependent an private

industry for donations of obsolete equipcent. Tae states need fec.'ral

help to maintain up-to-date facilities for teaching old research.
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The lew Jersey unemployment rote is 6.2%, oelow the notional

average. It is law because our state has created a climate supportive

to emergent industries. New university- industry reSeOrCO

collaboration can spin-off new companies, new industries, new jobs.

The new jobs replace tnose lost in the declining blue-collar

industries.

Our unemployment rote of 5.2% is too nigh. In part, it is so

high because vacant positions go begging while the uneroIoyed and

underemployed ore not =titled to fill them.

We are determined both to keep the economy growing by

stimulating =lied research and entrepreneurship. ore molly

determined to keep the economy growing by improvel technological

literacy among all potential employees in all of the states, urban as

well as suburban communities. We want a renewed federal effort in

support of basic research to complement the new state initiatives,
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Dr. T. Edward Rollander
Chancellor of Nigher Education
State of 'Zew Jersey

;t.Achnent .)
Testinonv

lnited states Congress
-:nalington, 1.T.

!ay 21, 1915

Report to the U.S. Rouse of Representatives Sun-rommittee
on Science and Technolocv Polio/

(Appendix to Oral Statement)

Our nati.,n and most of the developed world are undergoing a
fundamental transition from industrial economies to information/
knowledge -based economies. It is a transition as profoundly altering as
the Great Depression of the 1930s, when the United States emerge)) fall;
from its agricultural past to its industrial nresent. Nhether 4e call
it a 'negatrend,* to use John Naisbitt's popular word, or the core
conventional phrase of .conomists, that of *structural ciange,' it is
real; it is here now, oral it is no longer en idea to be planned for tie
future.

Change will result in shifts: from new manufactured prodJots to new
services; from a workforce which was predominantly blue collar to one
that is white collar; and fr,m heavy, rigid technologies to automated,
flexible technologies. The most obvious example of the latter is tie
powerful new generation of microcomputers, which are highly portable and
adaptable to tommorrow's software developments. Por individuals, the
shift will be from an emphasis on manual dexterity -- or running a
machine-to cognitive skill -- understanding a technology. Each change
underscores a basic characteristic of our knowledge-based society.

These changes promise a new and vital role for higher education.
It is in the higher education classroom and laboratory -- at our
two-year and four-year colleges and universities -- that training for
entry-level jobs will occur. Educators must employ greater rigor in
determining what our students
-- 20 pillion students each year -- study and learn. As we ensure the
dev^lopment of 'computer literacy,' along with other forms of technical
trainilo, 4e must also cultivate older, more basic literacies essent.al
to educated men and women.

At the same time, those whc hire the graduates of higher education
-- business and industry -- must seek and be encouraged to collaborate
in the development of instructional needs and personnel exchanges. The
relationship between these wo sectors, higher education and Industry,
is no longer sequential; it till become increasingly interactive and
lifelong. Programs of cu. ized training, which represent a successful
collaboration of Industry a. community colleges, are but one ,Ic of

9 al
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tr11.3 interaction. here IS 3 need for tor:in:inn el:motion to combat
obsolescence in the face of changing knowledge. iigner Education hart
m:: learn -- and offer in return -- !rl, t-e e,-artences of
corporate training pr.ogrtms in this area, pith their effective use of
telecoarses and videoco;nling.

To ignore this anent...Ise to both partners is to risk a greater
consequence to our society -- to enter the 1990s, laoor snortages
are predicted, with vast numbers of our countrymen .:nenployed,
underemployed, or, worse still, unemployable.

It is my purpose to call for a renewal of the nublic role as part
of t'.ese partnerships. Governments, both federal and state, are kidding
themselves if they expect business and industry to support, in any
meaningful way, the costs of basic scientific research and instruction.

Beyond this recognition, it is essential to make a further
distinction between the province of the states and the federal
government in the development of national science and technology
Policies. It is both unfair and unrealistic to expect individual states
to e.oulder the burden of the nation, if the federal government proposes
to retreat from its traditional responsihilities. This is especially
true in the sponsorship of basic research, where the budgets of the
National Science Poundnion, the National Institutes of Health, and the
mission agencies must be advanced beyond maintenance levels. Only the
federal government can command the resources necessary to support
effectively basic research. Despite the exigencies of the deficit, if
the federal government pursues policies of under-funding higher
education and research, I doubt that the new partnership hetween hig!'er
education and industry will reach its full potential -- and tie
difference will not be trivial.

By the same token, we should not exempt state governments from this
support problem. My report is offered as a representative of one of the
nation's largest state systems of higher education. I beli ve that,
during the first four years of the current national adninistratioa, the
states, and in particular New Jersey (the state I know best), have
responded well to the changing locus of higher education support. we
are providing the support for what I would call the 'intellectual and
technological infrastructure.' This represents funding for the
financing of the facilities and the equipment for research and
instruction, as well as the salaries for top-flight faculty and
technical personnel.

Using my own state, New Jersey, as my illustration, : -ope to
portray the magnitude of this support. T1.is funding is occurring both
through the on-going and expanded efforts of the new Jersey Department
of Higher Education and through a special science and technology
initintive of our Governor, which recentl: became a permanent Commission
on Science and Technology. I shall describe both sources. I also
intend to offer some general observations on the role of the states in
science and technology, expanding on my previoas point about what the
states can and cannot do.



93

The State appropriation for higher education s.7port in 'new Jersey
is approaching S650 nillIon, for the coring fi::zl .ear. Of this
amount, nearly 503,or 5298,316,000, is appropriated to support New
Jersey's three plblic doctoral-level inatitaticns of higher education
(i.e., lutgers University, New Jersey ::statute cf Tecnntiogy, and the
University of ledicine and Dentistry of New Jersey). These amounts
constitute base support. The Department recei:es anotner S40 million
for debt service, to reet the c vital construction costs of higher
education facilities. These construction obligations are distinct from
the S90 nillion science and technology bond whit!' tre voters of New
Jersey overwhelmingly approved, in November 1984, for the construction
of new research laboratories and centers and instructional facilities.

Beyond these base level and construction obligations, the Governor
has recommenced special initiatives for both instructional and research
ieprovements in higher education. These initiatives iiclude,an 58
million challenge grant for excellence' to Rutgers Jill ersity, to be
expended as follows:

(1) qorld - class scholars 51,200,000

(2) Junior faculty 989,000

(3) Grad.ate assistantships 744,000

(4) Faculty support. 2,267,000

(5) Libraries 500,000

(6) Computers 1,300,000

(7) Academic facilities 1,000,000
50,000,000

The New Jersey Institute of Technology will receive 53.7 million
for similar purposes, broken down as follows:

(1)

(2)

Instructional equipment....

Faculty chairs

(3) Computer networking

53,000,000

600,000

100,000
53,700,000

With a 'technology and computers funds of near:7 S7.6 ,illion, the
Department of Higher Education will undertake programs to modernize
scientific and engineering equipment, facilities and curricula, and to
integrate computers into the college curriculu-. In addition, programs
will upgrade the technical knowledge and skills of teachers ari college
faculty contribute to the technological literacy of all new Jersey
citizens.

1 0 I
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(1) Technical/engineering ecJcatior c.rarts 92,873,000

(2) South Jersey Regional C:1 Center 300,000

(31 'lath/science/computer science t2a:^ing

initiative 1,000,000

(4) Computers in curricula 2,919,000

(5) Information-age initiative 500,000

57,592,000

These several initiatives combine to form a major instructional
improvement program in New Jersey, with primary emphasis on science, and

technology. Improvements in research are being stimulated by the

Commission on Science and Technology, especially w^ere these efforts

support New Jersey's high technology economic development strategy.

The Governor's Commission on Science and Technology was established

by Executive Order in July 1982, to create a blueprint and action plan

for the economic development of New Jersey, in a post -smokestack

industrial era. This program of economic development emphasizes thi

applications of science and technology, through new partnerships between

graduate research academic institutions and industry.

The Commission has identified the components of a technology

development strategy that builds on New Jersey's industrial :nd academic

strengths. The strategy requires that we make investments in ideas,

enterprise and people. It also requires coordinated efforts oy ooth

public and private sectors. Finally, it requires a long-term commitment.

One of the Commission's most important recommendations is that the

infrastructure for New Jersey's science and technology initiative --

the laboratories and research centers -- be provided through a major

capital improvement program. These improvements will be accelerated now

that the voters have approved the referendum for the S90 million *Jobs,

Science and Technology pond. Details on this bond issue are provided

in a later section of this report.

The Commission's funding programs emphasize t`e technology fields

that have been designated as *priority' (materials science,
biotechnology, hazardous substance management, food technology, and

telematics) for New Jersey's developrent program. moreover, these

grants have been received, in the main, !7., those i-stitutions housing

Advanced Technology Centers in these priority fields or, in the case of

Stevens Institute of Te,:,nology, a Tecnnology Extersion Center in

polymer processing.

The program expenditures of the Commission for the current fiscal

year (FY 1985) amount tc mo.e than S9 -illion, 6-icn provide operational

funding for the Centers and new categories of support, such
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as Innovat!on Partnerships (matching research grants for selected
scientific and ftngineering projects). In addition to broader ranges of
support, t-is appropriation continues to fund the prioraty tecnnolcgy
fields and add start-up support in second-stage fields, such as
ftaterials handling and fisheries development.

T'.e Science and Technology Budget for PY'1986 requests funds
tota,L.ng 316 million '!or new and on-going programs and administrative
expenses.

These allocations are commensurate with the levels of funding
recommended by the expert peer review panels which the Commission
engaged to evaluate the relative strengths of New Jersey's science and
technology initiatives. Especially significant is the funding for new
areas of science and technology research. Such funds are vital to the
Commission's plan of diversifying high technology opportunities for the
state.

There are several sources of non-State revenue which will
strengthen the research programs of New Jersey's higher education
institutions, principally as a consequence of the Connissson's matching
grant requirements as applied to appropriated funds. The most
significant sources are from the federal government and industry.

The Commission's matching guidelines currently require that each
State-funded dollar for 'research and operating' support. of New Jersey's
high technology initiative be equally natcned from non-State sources
(generally, industry and the federal government). Under the category of
'capital equipnment,' with the understanding that corporate giving
patterns have proven to be much more conservative, the Commission is
requiring that one-third of the total cost be represented by matching
funds from non-State sources.

The Commission currently projects industrial and federal matching
funds to reach $23 million, in EY 1986. The attainment of this
multiplier effect on appropriations is an important measurement of the
payback of New Jersey's investment in science and technology
developm nt, as one important aspect of the Slate's overall program of
economic development and new revenue generation.

PY 1986 will see the initiation of several important new programs
by the CommissiOn. Among these new programs is the establishment of a
nationally-based advanced scientific supercomputer center an New Jersey;
a research center to investigate fiber optical materials; an
industrially co-sponsored plastics recycling research program; and a
private industry challenge grant organized by the American Electronics
Association, with the anticipation of State matching, to f_nd graduate
education, faculty development, and instructional equipment in
electrical engineering and computer science.

/
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:nese and other initiatires will ge overseen by a permanent New
Jersey Cormission on Science and Tecnnolog!, s.gnee into Ild on April S,
1985, replacing the temporary Governor's Commission.

As : .ndicated earlier, the tecnnolow infrastrustt.re for many of
these projects will occur through the S90 million 'Togs, Science and

Technology Bond. These improvements 4111 proceed according to the

following general expenditure plan:

A. Advanced Technology Centers

Major construction projects are proposed on 3lt4S at or near New
Jersey's graduate research institations of higner education.
Construction, which could include the acquisition of real property,
principally would.occur at Rutgers, the New Jersey :nstitute of
Technology (:WIT), and the unidtraLty of :edic.ie and Dentistry of New
Jersey (UMDWJ), although some capital improvements night qialify at
_private higher education institutions such as, Stevens institute of

Technology and Princeton. (For planning purpores, a construction cost

of S200, per square foot, has been used to arri4e at these budget

estimates.)

(1) Biotechnology. The Advanced Technology Center for
Biotechnology, for 4hich the most significant capital
improvements were recommended by the Commission on Science and
Technology, actuall/ refers to five interrelated projects,
which together total 540 million. The core facility, to be
known as the New Jersey Center for Advanced Biotechnology and
Medicine, would be new construction located on the adjoining
campuses of Rutgers and UHDNJ in Piscataway. It is here that
the major research projects of Rutgers and UHDNJ jointly would
bo conducted and where senior staff, including the director,
aid technical support would be housed. The capital cost of
this project are $23,600,000.

This core facility would be backed-up by three satellite
facilities, all withi" close proximity to the new Center.
First, a fermentation and biomaterials separation facility
would be added to the current Waksman Institute for Molecular
Biology, at a total capital cost of S4 million. Second, the
clinical research facility for the Center would be housed at
the Middlesex General-University Hospital, in get; Brunswick,
where renovations are proposed at $4.6 million. Third,

existing laboratories at both Rutgers and UMDNJ would be
integrated into the research complex of the core facility,
aitn building modification and new equipment costs targeted at
S3 million.

Finally, the Sci4"ce and Technology Commission has
recommended, and the presidents of both Rutgers and UHDNJ also
have called for, a contribution of SS million to the capital



facilities in molecular biology, proposed for construction at
Princeton. This amount represents only a small portion of tne
S46 million Investment Princeton is =akin; in =olecclar
biology, but it would signify a genuine endorsement by New
Jersey ca the new spirit of cooperation in this among
Rutgers, MIMI, and Princeton, and help to dra.: these three
institutions closer together for combined research.
Developing a world-class center in biotechnology in New
Jersey, with all its component parts, requires serious
attention to the advantages of this three-way relationship.

(2) Hazardous and Toxic Substance Management. Although without a
central facility, the Cooperative Research Center for
Hazardous and Toxic Waste began its research activities in
1984.. The Center is supported by the Commission, the National
Science Foundation, and industrial company members (currently
twelve), each contributing research guidance and an annual fee
of S30,000 toward research sponsorship.

The research.and public policy programs of the Center, which
will emphasize such areas as incineration, biological and
chemical treatment, and physical treatment, will be assets to
both New Jersey and the nation. They will bring
university-level research to bear on such problems as to.4ic
waste clean -up, as well as apply these fundings to such
economic growth areas as resource recovery.

The Center will receive a core facility, both to meet this
potential and to draw together the five graduate institutions
of higher education -- led by NJIT -- that have formed the
research consortium to do the work. The Commission has
recommended that S7 million of the bond issue be assigned to
this facility, with new construction to occur in Newark, at
the campus of NJIT. Additional funds will be provided for
land acquisition.

(3) Advanced Ceramics. The Center for Ceramics Research (CCR) at
Rutgers, performing lead-edge research in one of the so-called
new materials of the future, is fast approaching world-class
status -- both in the independent judgment of leading faculty
from MIT and as assessed recently by High Technology
Magazine. The Center has an industrial membership of
thirty-two companies, with its annual affiliates fee to
S30,000, all of 4hich translate into an industrially-sponsored
research program of nearly SI million, per year. CCR also is
supported by the national Science Foundation.

The recommendations of the Comiission are designed to ensure
that CCR attains this world-class standing and generates
benefits of primary inportance to New Jersey. The latter will
occur through a further enhancement of CCR'; research program
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emphasizing technology transfers to ':ew Jersey's small and
nedium-size industrial ceramics companies and through the
provision of a core facilltj to CCR on the Basch Campus of
Rutgers. Currently, CCR operates frtn borrowed (and out
grown) space at the Engineering Se-ntl.

The Commission has recommended S9 million for this core
facility. :n addition, preliminary discussions have been held
on the development of a 'second wing' of this facility, for
the research and prototype development of optical fibers --
the materials over which fiber optic network transmissions
occur. CCR has nascent strengths in this area that many
companies and the U.S. government wish to,encourage.

(4) Focd Technology. Food technology encompasses the study of
chemical, biological,. and engineering aspects of food and food
processing, packaging, and storing. The food industry is an
important part of New Jersey's economic baser food processing
represents annual shipments of over s6 billion in New Jersey.
At the sane time, the state has experienced a loss of
employment in the overall food indastry, with the relocation
of production centers.

The proposed Center for Advanced Food Technology, with a
capital requirement of $6 million, will strengthen New
Jersey's research and economic base in this industry by
providing new food products and developing more efficient and
economical food processing and :elated techniques. 'The
nucleus of this Center will be formed around the Food Science

Department at Cook Colleje/Rutgers. The core facility, to be
located on the Cook campus, will draw together the strengths
of nearly a dozen academic departments, including
Biochemistry, Chemistry, Nutrition, plant Physiology,

Mechanical Engineering, Chemical Engineering, and Haterials
Science. In addition to strengthening joint research and
development programs, this facility will include a pilot plant
designed to bridge the technical gap between laboratory
research and commercialization. Given the cross-disciplinary,
commercial orientation of the Center, we anticipate that it
will help to spin-off new businesses in sigh areas as
ingredient supplies, chemical and packaging supplies,
processing and sensory equipment and instrumentation,
warehousing, and waste disposal.

(5) Stave Two Needs. Although the :- ,mission was not able to
ascertain additional needs with the same finality as those
identified above, its report erphasizes that there will he
other capital requirements over the next several years. We
already have mentioned the optical fiber materials area as a
possible °second wing' of the Center for Ceramics Research.
Another academic area where we anticipate requirements for
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tspital improvements is the field of telenatics --
representing the growing confluence of computer technologies
.! telecommunication. A third area, under the general

heading of materials science, Is surface modification
tiennolog. 'le believe there will Me other needs. as well.

For this reason, the Science and Technology Commission

tnrtngly a:ged that sufficient funding -- S15 million -- be
v.tiliole to permit timely forward movement in these areas as
soon as their importance is confirmed and their regoirenents
-nre precisely identified. These determinations will be the
responsibility of the new permanent Commission.

B. Undergraduate Technical and Engineering Pacilities

To ensure the instructional improvements that are needed for a
technology-t,ained workforce in New Jersey, the Commission recommended
that sabstantial capital funds -- $23 million -- be provided to maintain
high qaality science and technology education at the public four-year
and community colleges, as well as at many independent institutions of
higher education. These funds will be applied to the construction and
improvement of instructional laboratories, computer and educational
facilities, and building space for technical equipment installations.

Projects to be funded from this portion of the bond issue will be
for major capital expenditures valued at more than $250,000, and with en
extended use-life expectancy. These expenditures will differentiate
themselves by dollar size and nature from current technology initiative
grant programs to higher education institutions and especially from
Chapter 12 projects that fund the county colleges. A competitive grant
process, within each sector, will be used. All projects drawn from this
523 million fund will receive the approval of the Board of Higher
Education.

C. Other Technology Initiatives

(1) south Jersey Engineering Pacilities. At present, there are no
facilities for undergraduate or continuing professional
engineering training in South Jersey. There is an increasing
need for such programs with the growth of tchnology-based
businesses in this area of the State. The bond sets aside 53
nillion for construction of needed facilities as part of the
establishment of a new West Campus for Burlington County
College. The last two years of undergraduate engineering

training and continuing professional education for the
industrial community will be provided here. The program will
te a cooperative venture between Burlington County College and
the New Jersey Institute of Technology.
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:II Im-niter Assisted Desien/commuttr ;estate? wmaactorina
-.mte-. A regional county collsge-based training Tenzer for
conputec assisted design and connuter assisted maw:fa:tiring
CAIfcAml will be established with SA niliide of tho bond

proceeds. This center will focus on rob:tics technologies and
voal4 be deed by the communitY colleges in South JerZey for
tee:niclan training. A consortizo of county colleges will
operate the center.

(3) Other nrojec's, to be designated. The State Board of Higher
Education will retain control over $3 "Union. These funds
will be used to meet future needs for construction and
renovation.

Summsry Observations

High technology development is currently of great concern to many
state sernments. Various measures exist to promote advanced
scientific and technological growth at the state level. These include
supporting technological training programs and removing barriers to
business development which are imposed by individual states. Some of
the most impr,rtant activities Oach will promote the growth of advanced
technological industries cannot, however, be undertaken at the state
level. These include the removal of tariffs on American goods in
f:reign countries, and the reform of federal regulations concerning
business taxation and investment. In the following discussion, the
focus Is on those areas which individual states can and cannot affect to
promote high technology development.

What State Governmont an Do: Education And Economic Develonnent

State governments can play a significant role in high technology
development through their inColvement in education and economic
development. Specific measures which enhance high technology
development Are outlined below.

A. Industry - Education Alliance: State governments can seek to
increase and strengthen collaboration in research and
instructional support between their industries And academic
institutions, by encouraging

1. the development of joint appointnents and improved salary
packages to enhance the recruitment and retention of
engineering and computer science faculty, esmecially of young.
faculty:

2, the development of joint and third-party support mechanisms
to

encoJrage specialized Niuste courses and research at the
cutting edge of science ,nd technology, jointly conducted
research and development and exchanges of personnels
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3. technology transfers, especially to small and medium-sized
industrial enterprises, to increase the actual implementation
of high technology research and development; and

the development of inter-institutional 'centers of

er:ellence," with industry participation and with a precise
focus on mission (e.g., telecommunications, biogenetics),

since a *eritical mass* of faculty and facilities, supporting

infrastructure, and economic resources is viewed as essential
to successful implementation.

B. Engineering Education and Trainino: Recognizing the high
level of responsibility which states must accept for the
health of engineering education, state government can identify
ways to expand the applied scientific, technical, engineering

and computer science capabilities of their higher education
institutions, Including

1. aggressively recruiting promising undergraduates for graduate
programs in fields like engineering and computer science, with
support from both publicly-sponsored and industry-sponsored
stipends (based upon work commitments for sponsored students):

2. increasing higher education's capacity to train a more
technology-oriented work force, especially through associate
degree programs and programs of customized training;

3. providing greater access to professional engineering and
technical careers for students who traditionally have entered
scientific fields in limited numbers (i.e., women and
minorities);

4. expanding continuing education opportunities, par'icularly at
the professional and technical levels, to overcome job skill
obsolescence; and

5. a re-examination of those policies which may preclude slaking
the pay of engineering faculty competitive, including the
removal of disincentives to entrepreneurship.

C. Equipment and Facilities: State government can seek to
overcome any equipment or facility deficiencies at their
institutions of higher education, *including

1. improvement and upgrading of the research and instructional
equipment at these institutions, through both equipment
donations from industry and industry-government matching
support programs; and
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2. in combination tit other capital needs for higher education,
!'le authorization of general revenae 'science and technology'

on issues to finance laboratory improvements and :elated

areas of deferred maintenance.

D. Research/Industrial ?arks: State government can also
investigate the feasibility of stinu:ating public /private
research and industrial parks, inclading the provision of 10::

cost financing from the State's economic development agencies
for the construction of such parks in targeted urban areas
capable of benefitting from clos, interaction with acadenic

research centers.

E. The Economic and working Environnent: Sete governments can
assist their agencies by helping to inv. .gate the econom

obstacles to and incentives for high technology development,

including

1. the usefulness of revising the corporate tax code, and
especially the provision of loss carry-overs, to encoarage
capital formation and new business investment;

2. the viability and potential use of differential tax rates, and
tax abatements, as well as easenents on the availability of
loans, industrial bonds and grants, as incentives to high

technology industrial start -u:^;

3. government regulations on business operations, including those
pertaining to environmental protection, to determine whether
obstacles to economic development can be alleviated;

4. the participation of financial institutions, especially those
vertically-integrated institutions that can assist high

technology development in all its phases, from research to

commercialization; and

F. Scientific and Technological Literacv: State government can

identify programs to improve science education and
technological and computer literacy at all educational levels,

such as

1. the feasibility of establishing science and mathematics
teacher training institutes at colleges and universities to
meet shortages of qualified teacners in tie secondary schoolds

in these fields;

2. the encouragement of programs which serve to 'demystify'
science and technology as subject- areas beyond everyday

comprehension:
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3. the development of special high school programs to increase
the pool of qmalified minority group students AO concentrate
on science and mathematics as preparation for higher education
and relevant careers; and

4. the development of enriched undergraduate programs for
economically and educationally disadvantaged students to
increase entry and eventual employment in technological fields.

';hat state goverments cannot do: improve exoort market conditions.
reform federal tax and environmental regulations.

Several of the most important measures which need to be taken in
order to promote high technology growth in the United States cannot be
carried out at the state level. These are in addition to the
fundamental role of the federal government in sponsoring basic research,
as discussed earlier. Among these measures are the following:

r. ! 'mrovinq the market conditions abroad for high technology
products. Nany foreign countries have extremely big! tariffs
against imported goods which are produced using advanced
technology. These countries claim to be 'protecting' domestic
producers of the same goods. The federal government can lobby
for greater free trade in products resulting from

sophisticated technological processer State governments have
no authority to conduct foro'v affairs, so they can do little
to improve this situation.

B. Imoroving the business clirate by-lowering coroonte taxes and
eliminating unnecessary regulation of high technology
industries. State governments are limited in the degree to
which they can foster high. technology development by corporate
taxes and. regulations imposed at the federal level. State
governments can press the federal government for change, but
there i., nothing they can do legislatively to ameliorate the
situation.

C. Controlling migration of the labor force. The manufacturing
side of high technology development involves blue-collar
workers engaged in running factories in which sophisticited
products are made. High technology firms are eager to locate
in states with large numbers of skilled and unskilled
laborers. Other states may suffer a loss of workers, if more
attractive positions exist elsewhere in the country. There
may be little that state governments can do to prevent these
migrations.

:That the federal governoent can do: helm to noderniz fa-camous
fazilities and equipment for basic research.

This report describes major initiatives occurring at the state
level, and in particular in New Jersey, aimed at improvements in science
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and technology. .nixing forces with local industries and major
corporations, the states are providing leadership in tae education if
students and in the formation of industrial policies for economic
de':e:opment and net lob creation. For these effort: and poli:xes !an+
co sJcceed, however, ie. need the active participation of the federal

government, especially to help meet the consideraole costs of the
infrastructure for 'main science and research.

The days are past when we should expect the federal government to
provide the sole support for these needs. Support from the federal
government must be natched by the states, the recipient higher education
institutions, and industry. My report indicates that these sources are
both available and actively engaged in making improvements. That also
must occur is leadership from Washington.

While states have maintained the intellectual and tecncological*
infrastructure for graduate education in the sciences, engineering ano
related technologies, they do not, should not and cannot finance
fellowship for students who enroll in such studies. Doctoral stadents
in all disciplines serve a national need; they are highly mobile
individuals who often leave a state upon completion of doctoral
studies. This support in doctoral studies clearly is a federal
responsibility and not a state of responsibility. The federal
government has been derelict in this area. National graduate
fellowships, awarded competitively, will assure that the most talented
young people will pursue careers in basic and applied research.

I am calling on this committee to support legislation for a major
laboratory modernization program for on- campus facilities and equipmeat
in basic research. This legislation should seek increased
appropriations for NSF, NIS, and the mission agencies, with the costs
shared fairly by higher education, industry, and states. It is only in
this way that we can hope to remove the twenty years of neglect faced by

these laboratory facilities and restore them as the driving engines of
our science and technology nachinery.

There should be no underestimation of the magnitude of this
problem. Several years ago, my Department analyzed the costs to remedy
the serious disrepair of research equipment, alone, at our major
academic institutions. The result was estimated, conservatively, as a
$40 million problem in New Jersey, and a $1 billion problem,
nationwide. Our Commission on Science and Technology responded quickly,
but within the limits of the State's resources, by recommending that
nore than S4 million be spent for these improVements'in New Jersey,
during FY 1984. In subsequent fiscal years, ye have raised this level
to the S6 -7 million range, annually.

;e have made improvements but the eradication of this equipment

proolem, and the construction of the facilities tD -ooze these

instruments, is long-term. The disrepair contin.les, rand it is owl: wit^

a major infusion of federal support that we will ever be able to rise

above these maintenance levels. The national ani itternational
recuitements of science and technology do not permit ;s to stay at

maintenance levels. We must advance through growth and expansion.
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DISCUSSION

Mr. BROWN. I can assure you that is a very impressive statement
and testimony to the leadership which New Jersey has given. I
hopeyou are correct that the other States are doing as well.

Dr.-Horim.inEx. Some are.
Mr. Birowx. Some are. But it would make me rest easier at night

if I felt they were.
Mr. 'Lewis, do-,you hate any uestions?
Mi. Lewis. I haVe One, 'Mr.
You are igating, Doctor, that you want renewed Federal effort in

support Of basic researth..How, do we compare to, say, the Soviet
Union Otto Japarrinihat area?

Di. HomAzipirre. 1.tari't answer that question specifically. I be-
Heim wedo very well.

*Mr. LEWIS. Do-tou feel that we provide more assistance for stu-
dents, foriOctOtitItheseet than, sat-

Dr. HOLLANDER. I can't answer that question.
Mr. LEWIS. How, do you feel, then, we need to do more?
Dr. ,IlogAimui. Well, our efforts- in New Jersey are essentiall,

supporting applied,,research: There is a direct and tangible re
if you like,to orriqaxpayers that researeh.

The payoff is clear, and it is not too 'difficult, has not been too
difficultfor us to lersuade taxpayers to support investments in re-
search in the universities where those investments in the taxpay-
ers' minds are related to the creation of new jobs, a-greater tax
base.

We 'have greater difficUlty arguing for support of basic research,
more theoretically orientectresearch, which we do support indirect-
ly in oursupport of the staffings at the universities andlacilities at
the universities. But that fundamentally is a Federal responsibility;
it crossesState lines. It is of interest to the Nation, and our institu-
tions participate in that effort, as do the major universities
throughout country.

But the Federal Government really has a responsibility to do for
those institutions, in terme of basic research, what we in New
Jersey are doing with taxpayer money for applied research.

Mr. LEWIS. Do you feel that the Federal Government should also
be involved in establishing chairs for various scholars in the State
university systems?

Dr. HOLLANDER. I would say that would be a lesser priority. I
think that is more of a State responsibility than Federal responsi-
bility.

I would define the priorities in the Federal responsibility as facil-
ity, maintaining equipment up to date, and national graduate fel-
lowship programs in support of doctoral studies.

Mr. Lxwis. Thank you.
Thank you, Mr. Chairman.
Mr. Bnowx..Dr. Hollander, I would like to explore with you just

a little bit more the role of the Commission on Science and Tech-
nology which you have described in your statement.

I gather that that is ongoing?
Dr. HOLLANDFX. Yes.
Mr. BROWN. A permanent commizeon?
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Dr. HOLLANDER. It will be continuing.
Mr. llsowii.,A continuing commission established how long ago?
Dr. Homiiirix. About 2 years ago.
Mr. BROWN. And ithas a Separate operating budget, and were

some of these or most of these initiatives that you have described
.recOmakended by this commission? :

Dr. HoLiAriiiti.. Yes, they were. The Commission was staffed ini-
tially by the department, my department, the Department of Higher
Education. It was comprised of University presidents as well as
chief executive .officers of major corporations in the State.

We set up a syStem, a peer review to evaluate,. first,. where we
thought the State Would grow on the. basis of puretand applied re-
search and; .two, where our universities really had a capability of
making. a contribution.

Where those two coincided, the Commission recommended major
State fluidiitiof a Center for Advancedlechnologyin that area.

Where the Commissionbased on peer review feltthat we needed
capability in the area, the commission recommended. funding of
what we calf innovative partnership. That is funding; of research by
faculty andencouraging industry to alio fund-research to build up
a capehility, hopefully,, to lead to an advanced enter fOr research
.in that area, and that has been done.

The-third, partOfit, also recommended by ,peer groups,, is a strat-
egy for disieminationt Thetis te.make the reeult of the research
available not just zto,one ,Or two,Companies, but the whole-industry
in the State, 'the service organization based at the university.

Mr. BROWN: How would yon,categorizethe, degree of cooperation
from your industries' CEO's; have they played -a prominent role in
developing the kind, of cooperation you have, described here?

Dr. HOLLANDER. An important frole; in ,fact, the most important
role, in my judgment, was their identification.ofi :if you like, world-
-class national capability, nationally recognized researchers in a
number of fields where they had heretofore been skeptical of the
research capability in the stateoutside of Princeton.

Their investment with the Commission led to their direct commit-
ment of resources in support of.some of the centers, but more im-
portant than that, their commitment of support for increased State
-fmancing of our higher education 'system. And that aspect, as a
result of the Commission activity, benefited all the institutions in
the Static...

Mr. BROWN. Iii other words, their support of the State's funding
provided the political?

Dr. HOLLANDER. They helped sell the bond issue. They also
helped sell:it under conditions which they recommended involving
matching support, that is, requiring matching support in all the
areas. That is built into all of our proposals.

Mr. BROWN. How long do you anticipate, or is-it possible to quan-
tify 'this, that you will begin to see some measurable results in
terms of economic impact, impact on the unemployment rate and
so forth, from this kind of a comprehensive program?

Dr. HOLLANDER. That is hard to say. It is going to come slowly at
first, and hopefully faster later on. There has been some impact al-
ready. There have been a number of firms that located or will be
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spun off from research activities as a direct result of the Commis-
sion and other efforts of the university.

For example, one, a new pharmaceutical house was established
by a university researcher at our medical school. The company has
since gone public and that has brought research jobs into the State,
and if the research is successful, possibly something beyond that.

We have got spinoffs that have greatly affected over a longer
peii.od;,Even before this Commission, there has been collaboration
between our universities and the pharmaceutical industry and
chemical industry which are very strong in New Jersey. These
have been more formalized with the centers, where collaborative
research can take place.

I don't know how long it will take to spin off into new companies
or new products or expansion based on patentable products from
the research efforts. That is really hard to say. And I guess even if
it isn't directly discernible, the impact indirectly on the State's eco-
nomic environment and attitude toward the State on the part of
new companies, I think, is considerable.

Mr. BROWN. Well, I am very grateful to you for your testimony,
Dr. Hollander. It has been a. major contribution to the work of our
task force, and we appreciate your being here this morning.

Dr.' HOLLANDER. Thank you for inviting me.
Mr.,BaowN. The task force will be adjourned.
[Whereupon, at 12:10 p.m., the task force recessed, to reconvene

Wednesday, May 22, 1985, at 10 a.m.]
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Tim FEDERAL. GOVERNMENT AND THE
UNTVERSITY RESEARCH INFRASTRUCTURE

WEDNESDAY, MAY 22, 1985

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

TASK FORCE ON SCIENCE-POLICY,
Washington, DC.

The task force met, pursuant to recess, at 10:05 a.m., in room
2318, Rayburn House Office BUilding, Hon. Don Fuqua (chairman
of the task force) presiding.

Mr. FUQUA. Today we continue hearings on the role of the Feder-
al Government in supporting the research infrastructure of Ameri-
ca's'iiiiiVersities. Yesterday we heard from several members of the
administration, a representative of the State governments, and the
National Academy of Science.

Today welare privileged to hear from several of the major asso-
ciations of research universities, from a representative from Ameri-
can industry, and froth two individuals who can tell us about spe-
cialized aspects of funding and manpower issues affecting the re-
search infraStructure.

These hearings before the task force will give us a sound basis
for developing the recommendations we will have next year con-
cerning this important issue. We hope to learn more about the
fiscal issues which directly affect the maintenance of the research
infiastrUcture and, based on what we have learned, we may wish
to ask our witnesses some supplemental questions. We hope they
will be zble to continue to give the benefit of their experience in
the coining months.

Our first witness this morning will be Dr. Oliver D. Hensley,
chairman, Study Group on Research Personnel, Society of Research
Administrators, and associate vice president for research, Texas
Tech, Lubbock, Tx.

We will be pleased to hear from you at this time.
[k biographical sketch of Dr. Hensley follows:]

Dn. Gov= D. HENSLEY

Associate Vice President Texas Tech University.
Chairman of the Society of Research Administrators Study Group on ResearchSupport Personnel.

YearsChemist Drew Chemical Co 10Public schoolteacher 6
Research administrator, faculty member and principal investigator at Uni-versity of Illinois 2

(109)
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Years
Southern Illinois University 6
Northeast Louisiana University 9
Texas Tech University.. 1

STATEMENT OF DR. OLIVER D. HENSLEY, CHAIRMAN, STUDY
GROUP ON RESEARCH SUPPORT PERSONNEL, SOCIETY OF RE-
SEARCH ADMINISTRATORS, AND ASSOCIATE VICE PRESIDENT
FOR RESEARCH, TEXAS TECH, LUBBOCK., TX

Dr. HENSLEY. Mr. Chairman, members of the task force, I am
Oliver Hensley, associate vice president for research at Texas Tech
and chairman of the Society of Research Administrators' Study
Group.on Research Support Personnel.

I want to thank you for inviting me to testify about the signifi-
cance of research support personnel to university research and
about their impact on national and university research policy. I
will want to emphasize the importance of reassessing .both national
and institutional policies and linking these others. The topic that I
am talking about is most important to the maintenance of excel-
lence of university research and to the continuing welfare of the
Nation.

I have been studying research support personnel, one part of the
infrastructure, for 5 ;ears. It is difficult to give uniform data about
them.

I will share with you some personal impressions about research
support personnel and some interrelated modeling problems that
exist with that particular group, and then point out some of the
highlights of recent developments from a comprehensive SRA
study of research support personnel.

First, I would like to talk about the significance of research sup-
port personnel to research. It is not understood by policymakers
and, consequently, this group `has been ignored in science policy.

Second, I believe that the exact size of the total research support
personnel population is not presently known, but there are esti-
mates that they number more than a half million and are the fast-
est growing group in academia.

Third, the present national cost of maintaining university re-
search personnel is enormous. I believe that it is the biggest part of
the university research budget and that their cost is increasing at
an astounding rate.

Fourth, I believe that quality support services can be maintained
with a strong congressional commitment to support this part of the
infrastructure.

Fifth, the direct and indirect cost reimbursement mechanism as-
sociated with project funding is an adequate and a fair way of
maintaining the infrastructure if policymakers will accept the fact
that the full cost of research 'must be recovered for every project
and if policymakers will update their personal perceptions and
share formal models that keep pace with the changing times.

Sixth, I believe that a continuing comprehensive study can be
made by research support personnel and other segments of the in-
frastructure if Congress, the National Science Foundation, and the
professional associations such as SRA will arrange for and support
the periodical exchange of timely, information.
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Your hearings-are an excellent start in that direction. The Socie-
ty of Regeaich Adiiiiniettittoie will respond by inviting one of your
members to speax about the task force agenda at our national con-

,ferende in- St; iii3OefOber 'of 1985.
I would like 'to ripeiul 'some time just highlighting he results of

this comprehensive SRA study. The majority of my remarks will be
included in the written presentation I have given to you. Time does
not permit the fall coverage of that; so 'I will just headline some of
the' nioie imPortefit findings.

The most important finding of the SP.A study group was that
thispart of the .infrastincture, the research sUpPort Personnel, lias
grown'im Tastthat it really has not been studie-d and `it is complete-
ly undenialued because policyniakers at the national level and in
the institution really don't understand the significance of this par-
tiCuleif gronp.

'The SRA studs grew found that Fedent age t-,cies, university as-
sociations, and the Professional societies have not valued research
support personnel enough to diatiiigaish them from other groups
and then to study thein. They alsd'found out that there was a wide
acknoWledgment that research personnel are essential to the con-
tinued aditandenient of science, to the advancement of specific mis-
sions of postsecondary institutions, and to American technologiCal
leadership. Yet, this vital group's value for science remains lamely
unrecognized, its size, contribution, and composition universally
unknown and the field generally ignored by disciplined inquiry.

For sometime the'Society of Research Administrators has real-
ized that many national and institutional issues could not be ad-
dressed rationally by the university and their several sponsors
until a working definition and a common classification was devel-
oped for research support personnel [RS11. They recognized that
the lack of knowledge about this part of the infrastructure was the
primary problem leading to a host of secondary difficulties related
to the Government-university partnership. Second, they realized
that it was creating numerous institutional operating problems di-
rectly affecting the daily activities of the principal investigor.
Third, it was instigating many personal difficulties related to
morale, productivity, and job satisfaction of the research support
person.

For example, the secondary problems of capping indirect costs, of
decaying support services in the universities, and, of technical per-
sonnel shortages within academia and industry stem from inad-
equate information on research support personnel. Also, valid in-
formation related to this group is essential to the development of
modern university personnel management systems and to the re-
cruitment, morale, and retention of this essential group of individ-
uals within academia.

Effective and employee-accepted subsystems of performance ap-
praisals, job classification, and equitable employee incentives are
dependent upon national norms for particular jobs. Development of
these key systems, their specific components and employee satisfac-
tion with their university jobs, requires basic national information
and specific national indicators related to this group.
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In the past the National Science. Foundation has gathered a
great deal of information on scientists and engineers, but they have
completely neglected; this group.

In 19831he society established a study group to investigate the
problems related to the RSP. After 2 years of investigation, the
study group has developed:

One, an acceptable definition to universities;
Two; a functional classification system; and
Three, an indepth analysis of divisional research support person-

nel patterns in universities.
The RSP are now defined as .hose individuals other than stu-

dents who render assistance directly or indirectly to principal or
coinvestigators. Research support personnel may be assigned di-

/ rectly to a project or they may provide indirect or occasional assist-
ance to the researcher or project director. This heterogeneous
group of employees include Ph.D.-level analysts, special mechanics,
many types of cleriCal individuali, and accounting personnel as
well-as all levels of academic administrators.

The study produced some indicators of the composition of the
RSB which I would like to present. To give us a common frame of
reference, I call your attention to the SRA "Taxonomy of Research
Support Personnel" within the research establishment.



Table II

Analysis of Research in Selected University Departments (1939-40)
Departments of Physics

1

Institution
number

2

Number of
professional
Personnel

3

Number of
technicians,
secretaries,

etc.

4

Salaries of
professional
personnel

(thousands)

6

Total depart.
meat budget
( thousands)

6

Direct open-
sting expenses
of researehs
(thousands)

7

Ratio col-
won 6 to
column 4

3

Percent of re.
search funds
from non-
university

wxwam

9

Number of
graduate
students,

10

Devon, awarded

M. A. Pb. D.

2"
2
3
4 4

6
7
8
9
II..
12 -....
18-- .

36
26
61
52
37
66
18.6
39.6
31
as
18
47

16
4
9

10
7

10
r

10
3

$106
. 41

90
92

104
148
88
86
87
84
27
79

$169
54

116

171
245

80
141

62
80
36

.123

$20
7.6

18
34.6

89
27

4
41

9

2
30

0.19
.18
.20
!"°8
.88
.18
.17
.48
.24

.08

.38

29
93
47
20
7

83
100
96
0
6

100
0

67.6

37
65

100
65
14
53
50
36
7

72

6.2

3
12
10

3
3
8
7
3
2
4

7.6

6
6
6

10
2
8
2
6
2
8

As follows:
1. Large private university.
2. Large State university.
3. Large prints university sasodated with iv; State agricultural school.4. Large State untrersies
5. Lugs priests univemity. ..t
6. Large private enghwering school.
7. Medium sins liberal arts university.
6. Medium tile private engineering school.
9. Lugs State university.

120

10. Medium ems pr(vam university
11. Lame State university.
12. lidWlum *Ise State naive:reit:A
13. Large State univesity

b ladndes eximnrilteres for equipment. Warstus. technical and research assist-
mum. publishing mots sasodatad with research, Dula trips, expeditions.etc.Average for the 3 yearn ending 1939-40.

Includes ectrcesomy and physiologic's! optics.
After deducting 310,000 spent on cyclotron.
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For many years the model for research within universities has
been primarily researchers and students with a sponsor. This
model changes things. The largest group of people in the universi-
ties now, excluding students, are research support people. That
group has not been looked at. That third dimension that you see
running down on the model has really not been investigated by in-
stitutional policymakers or national policymakers.

There is a large, large numberalmost 75 percentof the people
who in some way make their living associated with university re-
search who Pare tied up in this voup, and it has been completely
unstudied. The, students have been studied; the researchers have
been studied; and certainly the sponsors. There is a large group of
them.

This model of the research establishment attempts to explain in
a graphic fashion the composition and the complex interaction of
the principal types of people in a modern research community. It
also provides a shocking picture of the size and significance of the
research support personnel. Moreover, it helps institutional data-
gathering and policymaking if we have first classified individuals
according to their primary purpose.

Each of the classes of individuals has well-defined roles that de-
termine the traditional relationship with one another. If we under-
stand the composition of the establishment, we should be able to
formulate policy that facilitates the achievement of research goals.

Note that the support vpes are in the middle between the re-
searcher and the sponsor. This places them in a brokerage position,
making them valuable to both sponsor and the researcher.

You will notice that there are 12 functional classes in the SRA
taxonomy for research support people. They range from grants and
contracts officers down to medical support personnel.

If you will turn to the next page, you will see a model that is
used to classify these individuals. Universities use a variety of or-
ganizational structures and support positions to administer re-
search funds. These positions are shown in table IV-1.

li 21
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Table IV-I
Patterns Use by thiveraitiosto Their Research Support vitt=

Goats and Ccocracts Offices

Directors of Grants
erd Oa:tract Offices

Pre-ame
Division

Pcot-asse
Divis.ton

Pte -nerd fed
Post-eLerd

Integra-len

Director of Research
6 Develop:cat

Directort of Comeskity
90PP:c

Director of Prepara-

Cetral kr. of D.
Dean/Director Office

of Research

Director of Pre.

Director of Grants 6
Ceotnicts Atkin.

Director of Projects
Davat. 6 Adds.

Director of Spcnoored
Pgrfccrav

Director of Res. Sem

Director of Research

Director of Prog.
Devoe. 6 Aden.

Dim-corks:ITO/be..
6 Resources Info.

Dir. Pod. Res. Arding
Serv. Office RCS. 6
Pros. Aden.

Intel= Okkinfacra-
rive)

DIRDZIER3
DEARS

Mac. Calera no.
Deptl:cratir. Res.
Drs

Amax. Dir. Oxtracts
Grants

De=c4ntir. of Peng.

Max. Dlr. Spcosered
Progreas

Depsty Dir.
ProSccosored
of

s.
Assist. Dir. for
Research Services

Assist. Dir. of
Program Devi.

Assist. Dean for
Res/Pm Prto Svc.

Assist. Dir. of
Resesith Aden.

Assist. }tr. Spcnsored
Prop. Accti. Office

Moist. Mr. Office of
Prig. 6 0.vat. Aden.

/mist. Dir. SsonsorPas Aden
ed

Assist. Dir. *neared
Projects/tbs. Affairs

Cove. Spcnsonal
Progress

Sr. Crents a Costracts
Atkinistretor

Cone. Coasts 4 Con.

Aden. Cants 6
Ozotrects Office

S=traProlects

Sy=rPrtoorgrens

Adainirzative
hasistents

AtIONISIRATIVE
OXEDINCORS

glinastRATIvE
iss ZUNIS

Some universities use a preaward division, some use a post-
award division, and some use an integrated approach, but some
place within the university there is someone with the title "Direc-
tor of Research Sponsored Programs." There are assistants, there
are coordinators, and there is a whole list of other types of clerical
support.

The next page, table IV-3, you see the composition of the people
who are directors of contract offices. You get some idea from a
sampling of about 20 institutions of how many males and females
you have and a salary range. You can see where some of the costs
associated with research go, if you are talking about people who
are in support positions.
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TABLE IV-3
CeoSetr Salarg

.Grant
fiters

rant and Ccatract

Position Title Hale Peale
Salary
MVP

irieritge
Salary

Director of Seeserch Development
Director of Stipp=
Director of PErgramt
Director of , 4 Coots Main.
Director of &earth Devm't & Aden.
Director of lisseach Mainistration
Director of Projec%,"

.Director of ,Prog.l.evut 4 Main.

Director of Preposition/Reviser Div.
'Director of Usiv; Rea. -Rmaddaticn
Contract/Gratst "Vali M
Project "at. .---ye
Granied= -

1

;
2
1
3

1
1
1
4
4
2
3
4
3
6

-1

1

1

--
-4
2
4 .
1

2
1

22000 - 22003
28930 4%0
25548 - 44016
59103 - 59103,
30795 - 4050)

45500 - 45503
29224 - 29224
45152 - 45152
17950 - 27750
16200 -.37103
17992 - 20033
33521 - 41712
27250 - '66040
38610 52200

'22003 - 45403
18000

22000
35995
36471
59103
34098

45500
29224
45152
22415
25700
22918
37616
48649
453E6
32665
18000

Officer
Associate Director'
Decuty Director "

taristaot Director
Acisinistrattve Assistant

Total 42 16

Dave Canham, another study group member, has designed a pat-
tern for classifying business and fiscal officers, still another func-
tional group within this research support group that we have.

Table VI-I. A Pattern for Classifying Basinses/Fistal Officer Positions

Vice President Pirancial Affairs.13"

RAM

I

caaraiitz

II
MO:WI=

III

HEIRESS
AFFAIRS

IV
FISCAL

V

HICEDIC

VI
AttiOILSIRATIVE

.SEFtVXES

Seal= Cm= 11.er Accounarg Badness Director Direr= Director

Level
novena:It

*wax dinner Fiscal

Services
Budgeting Asbinistrative

Service

Junior Assistant Diiector of Assistant Fiscal Yeager

level CaiL-oller Acccuatitg Business Hateger Budgets

Pmmitezen5 Pederast
Director
Fiscal.
Services
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There have been 10 other study members who have made inten-
sive studies of their functional classes and have provided a current
,Iiicture of the composition of their category of research support.

Taken together, thede 12 studies provide the best indicators of
what positions are included in the university research infrastruc-ture..

The study group estimates that currently 75 percent of the total
researCh,personnel are employed in support positions. If you will
turn two over, you will see a.copy, of the SRA summary re-
sults. HE _ yOu See4an example of where institutions have 1,700
faculties out 7,300 support personnel, giving them a percentage of
faculty at 19 percent with .81 percent of support people. If you will
look at "the amount Of money that they are getting in the way of
Federal research funds,, you see that they are getting over $200
million in Federal support to support research.

Some idea of `the size of the group can be found if we look ,at
table II, eelletl1ui "Analysis of Research at Selected University De-
partments .(1939-40)." At that time Vaimevar Bush reported that
there was approximately, percent faculty in relation to 18 per-
cent support people in 1940, in the beginning where university re-
search beganto really "eke off and grow very, very rapidly.
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Figure 1.
IF2.0 The SRA Taxonomy For the Research Support Personnel within the

Research Establishment
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Many of us still hold that outmoded concept in mind, that we
think of an investigator and maybe ,a part-tithe person supporting.
That type of research still exists in universities, but it is not the
type of university research that we really have. We have a few in-
vestigators and kluge support group.

One of the problems that comes up is the indirect cost. Reducing
rapidlydncre.asing indirect coSts. is of. considerable concern to the
Congress, tO; the scientific dominunity, and to users of ,baiie re-
'search andlealniological-inno'vation.-The disproportionate continu-

ii0144 indirect cod for ititikersity research is,one of the most
serious axid*qUentlY,discuSsed; problems confronting the academe
today., That use in indirect costs can, be partially explained by a
related rise in the percent of'reSearch support people in universi-
ties.

We constantly talk, about the rising indirect cost rates. We must
constantly think alio about the infrastructure that tat to sup-
port that, and theinfrastrUcture is pretty much captured in our in-
direct cost return.

If one reviews the arguments for indirect costs, it is obvious. that
neither-university adririn' istrators nor Government officials know
enough about:the support cost,'norldo they-have the foundation in-
forinatiOn on the research support personnel, to justify those costs
to- the:faCultY orto thataXpayer:

Earlier we Savi'that research-support people-are estimated-to be
at least 75 rcent of the-totaliesearch personnel. They cal be di-
rectly-or indirectly identified with-Sonie kind Ofreaearch function.

At this time we , Should lciok at the total cost of university re-
search. ThatffieaiiiiloOkinglicith atthe direct-cost and' the indirect
cost, Mid'', then look at the 'Contribution- that research support
1ople-inake; these costs. ..
"Since inbitlithivereitiee cannot presently determine exactly who

and far -ha* iiiriCh'tinie each researeli. support Personnel *as-
signed to an organ **eh Unit, it is to say precise-
ly what the mix of costs are within umvèrsity organized' research
budgets, '1:44 'One writer guessed that the ..principal 'investigator
costs are lèssthañ 20 percent of total direet cost for research and
that research support .people account for more than 50 percent of
the total research east. Moreover,, the trend is for more research
SupPoriOests;a thuS,, higher indirect cost rates.

Figure 4 shows three university research .adrinnistrators' opin-
ions about *hat,atlie relationship and the distribution might be
among Major cost factors in university research. Exact knowledge
of this ratio should be determined.
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FIGURE 4. A GRAPHIC REPRESENTATION OF ESTIMATED RSP COSTS IN RELATION
, TO TOTAL-UNIVERSITY RESEARCH COSTS.
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'During ':the past 5,years I have given the questionnaire on size
and significance, of research support personnel to several hundred
faculty and science policymakers to determine their image of the
size and .4iiificance of -the. research support personnel. Most of
those interviewed,have dangerously low estimates of the size of. this
group and liolikan outniode&pictureof how research is organized
nd conducted:aii.toda4Ei campus.
Moreover, th'ey..conceive of university research- in an antiquated

and ParoChiallashinn: Most look upon university research as being
Confined tO beak : as-eareli. This narrow, personal image is rein-
fcireed by the Soivmart, Model for American research which was
adopted., informally by -the:Federal .Government in-the forties when
ViinneVar.Btish.sent:tePresident Harry S. Truman his recommen-
dations for the advancement tiatio I research.

Isaiah Bowman, m his recommendations, maintained that scien-
tific research could- be' divided into three broad categories: one,
pure, research; two, background research; three, applied, research
and development.

Briefly stated, 'ThAvinaii 'suggested that pure research ,should be
performed by universities and applied research and development
should be conducted by industry, ,with -some being done by.G-overn-
ment labs. He provided an elaborate rationale to explain the
proper -roles and relationships of public and private research orga-
nizations and to guide'the Government's aid to them.

Today, the National Science Fothidation Uses categories 1 and 3
of the Bowthan model to gather scientific information'from univer-
sities. Most agency directors and university administrators have
adopted the conventional rationale set forth by Bowman in "Sci-
encethe Endless Frontier."

A large part of existing Government and university policy starts
with thaBowman model. Today policymakers now use current NSF
data and the Bowman model to formulate new policy.

It is my opinion that the Bowman model is inappropriate for un-
derstanding today's research activities., as it discourages scientific
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interaction and it does not allow a quantification of the products of
research. I suggest that the 1984 model to classify university re-
search activities, which you will see on the next page, is more rep-
resentative of what the universities presently do and is a more
powerful and precise model for information gathering on university
research. More importantly, this model encourages the develop-
ment of industrial as well as'Government sponsorship of university
research. The 1984 model is more realistic as it shows the vast
scope of innovative problem-solving activities that society currently
demands.of the university, in addition to the university's conven-
tional training mission.
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Policymakers must understand that universities perform the
vital task of creating new knowledge, of inventing new devices, of
developing prototypes, of improving production of goods and serv-
ices, and of transferring technology.

Not only has the scope of the work of the university expanded,
but the volume of the work has increased many hundredfold. In
1939 to 1940 the total university research expenditure was $30 mil-
lion. In 1985 the expenditure is well over $10 billion, a 300-fold in-
crease.

Universities have been transformed in the past 40 years. Univer-
sity research is big business. It provides the fuel, innovation that
propels our technological society. Slow the production of these in-
novations and American technology is slowed. There is a wide-
spread perception that scientists and engineers are usually the
people who 'conceive our inventions. This is true, but wehave scoto-
mas in our national and institutional policies that have long ex-
cluded the research support person, a group essential for universi-
ties to conduct modern science and to produce an expanding varie-
ty of innovations. To draft policy that will facilitate research, we
must not only have new data; we must have realistic personal per-
ceptions of the subject and valid models to follow.

I -am pleased that the Science and Technology Committee has
sciiictured a broad-ranging study of Government science policy. A
comprehensive reassessment of the relationship among the organi-
zations and the research establishment is much needed. Your hear-
ings are most timely, as I believe that our research universities are
caught in a great wave of technological change that requires both
national and institutional policymakers to assess both our policy
and our national models, in light of four decades of dramatic uni-
versity transformation that promises to become increasingly more
rapid in the remaining years of this century.

Hopefully, the results of your study will stimulate and provide a
guide for self-studies by universities and professional associations.

I thank you.
[The prepared statement of Dr. Hensley follows:]
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The Significance of Research Support Personnel

(RSP) to University Research

and Their Impact on

Research Policy

I am Oliver Hensley, Associate Vice President for Research at Texas

Tech University and Chairman of the Society of Research Administrators

Study Croup on RSP. I want to thank the Task Force for inviting me to

testify about the significance of Research Support Personnel (RSP) to

university research and about their impact on national and university

research policy. The topic is most important to the continuing

excellence of university research and to the welfare of the nation.

The Task Force has asked for a broad review of the entire question

of the composition of the university research infrastructure and the

role of the government in providing and maintaining it.

I will begin by sharing with you some personal impressions about

research support personnel and then point out some of the highlights of

recent developments from the comprehensive SRA Study of the RSP. (1)

The significance of the RSP to research is not understood by policy

makers; consequently they have been ignored. (2) The exact size of the

total RSP population is not presently known, but there are estimates

that they number more than a halfmillion. (3) The present national

cost of maintaining university research support personnel is enormous

and their costs are increasing at an astounding rate. (4) Quality

support services can bo maintained with a strong Congressional

commitment to support this part of the infrastructure. (5) The direct

and indirect cost reimbursement mechanism associated with project
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funding is an adequate and a fair way of maintaining the infrastructure

if policy makers will accept the fact that the FULL costs for research

must be recovered for every project and if policy makers will update

their personal perceptions and formal models to keep pace with the

changing times. And, (6) a continuing, comprehensive study can be made

of the RSP and other segments of the infrastructure if Congress, the NSF

and the professional associations such as SRA will arrange for and

support he periodical exchange of.timely information. Your hearings

are an excellent start in that direction. The SRA will respond by

inviting one of your members to speak about the Task Force agenda at our

national conference in St. Louis on C'toher 1, 1985.

In a moment rwill provide some crude indicators of the size and

composition of the RSP which in my opinion currently constitutes the

greatest single segment of university research costs. As an expenditure

item in the annual budget it is fr- greater than buildings, equipment,

materials and supplies and, yes, even larger than the costs for the

support of principal investigators. This is not a commonly held opinion

in the research establishment as the data to support this opinion is

scanty and the thesis only recently formed. Nevertheless, there is

mounting evidence that support personnel are now the largest group on

campus if students are excluded.

The Significance of RSP Is Not Understood

The SRA Study Group on RSP found that Federal agencies, university

associations and the professional societies have not valued the RSP

enough to distinguish them from other groups and then to study them.

They also found that there was wide acknowledgement that RSP, the

largest group of personnel in research universities, excluding students,
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are essential to the continued advancement of ecience, to the

achievement of the specific missions of poet secondary institutions, and

t: American technological leadership. Yet, this vital group's value for

science remains largely unrecognized; its size, contributions, and

composition universally unknown; and the field generally ignored by

disciplined inquiry. A literature, search brought out the fact that the

RSP are incidentally mentioned in studies by the Nationaltesearch

Council, thn National Academies and the federal science agencies "as

large groups of people vital to the success of the research enterprise"

and then these agencies effectively ignore the problems of the RSP by

immediately mov.ag on to what they consider to be more critical issues.

In a survey of majOr research universities, the Study Group had a very

poor response from officers responsible for personnel data gathering.

They disclaimed any responsibility for distinguishing this clan of

employee as the RSP are not perceived to have a high priority for study

within their institutions.

For some time, the Society of Research Administrators has realized

that many vital national and institutional issues could not be addressed

by the univereity and their several sponsors until a working definition

and a common classification system was developed for research -upport

personnel. They recognized that the lack of knowledge about the RSP was

the PRIMARY PROBLEM leading to a host of secondary difficulties related

to the government/university partnership; creating numerous

institutionaloperatingproblems directly affecting the daily activities

of the principal investigator; and instigating many personal

difficulties related to morale, productivity, and job satisfaction of

the research support person,. For example, the secondary problems of
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capping indirect costs, of decaying support services. and of technical

personnel shortages within academe and industry stem from inadequate

information on the RSP. Also, valid information related to this group

io essential to thn development of modern university personnel

management systems and to the recruitment, morale, and retention of

there easential individuals within the academy. Effective and

employee-accepted subsystems for performance appraisals, job

classification and equitable employee incentives are dependent upon

national norms for particular jobs. Development of these key systems,

their specific components, and employee satisfaction with their

university jobs requires basic, national information and specific

indicators related'to this group.

In 1983 the Society established a Study Group to investigate the

problems related to the RSP. After two years of investigation the Study

Group has developed an acceptable definition, a functional

classification system and in-depth analysis of divisional RSP patterns

in universities. Research Support Personnel (RSP) arc now defined as

those individuals (other than students) who render assistance directly

or indirectly to principal or co-investigators. Research Support

Personnel may be assigned directly to a project or they may provide

indirect or occasional assistance to the researcher or project director.

This heterogeneous group of employees includes Ph.D.-level analysts,

special mechanics, and general clerical and accounting personnel, as

well as academic administrators.

Some Indicators of the Composition of the RSP

To give us a common frame of reference I call your attention to

Figure 1, Taxonomy for Research Support Personnel Within The University
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Figure 1.
IF2.0 The SRA Taxonomy For the Research Support Personne. rithin the

Research Establishment
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Research Establishment. This model attempts to explain in a graphic

fashion the composition and complex interactions of the principal types

of people in the modern research community. It helps in our data

gathering and policy making if we can classify individuals first by

their primary purposes as:

(1) Students

(2) Researchers

(3) Research Support Personnel

(4) Sponsors

Each of these classes of individuals have well defined roles that

determine the traditional relationships with one another. If we

understand the composition of the establishment, we should be able to

formulate policy that facilitates the achievement of esearch goals.

Note that the support types are in the middle between the researcher and

sponsor. This places them in a brokerage position making them valuable

to both the sponsor and the researcher.

You will notice that .here are twelve functional classes in the SRA

Taxonomy of RSP.

o Grant and Contract Office Directors o Program Development Officers

o Business Managers o Animal Care Personnel

o Research Shop Personnel o Laboratory Personnel

o Clerical Personnel o Academic Officers

o Research Center Personnel o Agricultural Extension

Personnel

o Other RSPo Medical Personnel

Within each of the functional classes you will notice Divisional

Patterns such as those Dr. Charles Cale has prepared t.,c the Directors
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of Grant and Contract Offices, Table IV-1. In Table IV-3 a further

analysis is made of the composition of the class by providing statistics

on gender and salary.

Dave Gamboa, another Study Group member, has designed A Pattern for

Classifying Business/Fiscal Officer Positions (Table VI-1) and has

completed a thorough analysis of gender and salary ranges for 577

subjects in fiscal officer positions. Ten other Study Group members

have made intensive studies of their functional class and have provided

a current picture of the composition of their class of RSP. Taken

together these studies provide the best indicators of what RSP are

included in the university research infrastructure.

The Size and Growth of the RSP. Currently no one in the United States

knows the size of RSP in American universities. This lack of knowledge

leads to a number of misconceptions of the composition of the research

establishment and the significance of the RSP to higher education and

research advancement. Although there are no current official records,

one can obtain an idea of the growth of the RSP in the university from

occasional statistics related to different groups within the university.

Statistics such as those published by Bush (13a) show that selected

university departments held a ratio of 82% professional, to 18% support

personnel is 1939-1940.

139





11
i.1

.7
1
1

F
r
r
.
r
.
rt

L
i

U
N
E

6
6

I
C
t
u
t
t

-4
w

m
gn

st
;

.E
nc

E
ss

r,
LI

a

S.
.

"
"
k
k
k
i
e
i
r
,

,
1
8
1
2
.
a
m
m
u

0.
.



The SRA Research Committee guessed in 1983 that there were probably

3 or more RSP for every investigator in their institutions (76).

Although limited to 20 institutions, the returns of the 1983 SRA Survey

support that estimate showing a ratio of 25% of Faculty to 75% Support

Personnel. These figures exclude graduate and undergraduate students.

From these information sources, Heasley and Grace (CC) =de the.

following rough estimate for distribution of research support personnel

in research universities in 1984 and they estimated the total RSP in

AmiriCatruniversities to be well over 500,000 members. Unfortunately,

theke has been no exact determination of their number, but the Summary

results'from the SRA Survey of RSP 1983 show the wide range of

peicentages of RSP'in individual universities. As one might expect the

research universities had a much higher percentage of RSP than did the

institutions with an undergraduate instructional orientation. One

;search institution reported a high ratio of 89% RSP to 11% faculty

while another institution with a small amount of research reported only

to 53% RSP to 47.1% faculty. Although the correlation is not perfect,

crude preliminary data indicates that higher education institutions with

large expenditures for research have a high percentage of support

personnel.

FIGURE 1. ESTIMATED DISTRIBUTION OF RESEARCH PERSONNET. WITHIN THE UNIVERSITY 1983.

25%

INVESTIGATORS

2 A410° A r. M
75% RESEARCH SUPPORT PERSONNEL
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A comparison of 1984 statistics with the 1939-40 statistics show a

reversal in the mix of professional and support personnel. Today, there

seems to be more RSP than researchers.

If we are to, understand the phenomenal growth and the significance

of this overlooked group, we should investigate first the rapidly

expanding role that university research plays in American society as the

size of the total RSP is dependent upon that variable. Next, we should

think about the increasing functions that the RSP assume in the

development of research as their value is related to their performance

of support activities. All of us make decisions based on our personal

images of real world subjects and on professionally accepted formal

models of what the'collective mind tells us is the larger and more

generally accepted representation of reality. Our policy making is

derived, from those images. Therefore, any review or institutional and

nationcl policy must begin with an assessment of the personal

perceptions of policy makers about the size and significance of the RSP

to modern science and then consider those images in the mosaic of

existing policy that guides individual actions and institutional data

gathering.

The Cott of Maintaining Research Support Personnel. If RSP are to.be

maintained the Federal government must supply the full cost of federally

sponsored research. Similarly, industry, the states, and founoations

should supply their full share of indirect costs. If each sponsor pays

their fieight for the RSP, there will be few problems via maintaining

the university research infrastructure . Unfortunately, the

relationship between the value of RSP and the rising Indirect cost rates

is not understood by many members of the research establishment.
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SRA 1983 SUlu.....Y RESULT

FACULTY

PERCENT
OF

TOTAL
SUPPORT

PERSONNEL

PERCENT
OF

TOTAL

TOTAL
PERSONNEL

FEDERAL
RESEARCH
AWARDS

L. 1,700 18.8Z 7,300 81.2% 9,000 239,869,000

2. 4,021
18.92 17,200 81.1Z 21,221 71,204,000

1. 1,917 29.5% 4,583 70.5% 6,500 41,850,060

1. 2,780 19.3Z 11,627 80.7% 14,407 17,034,000

i. 1.870 23.8% 5,985 76.2% 7,855 26,367,000

6. 109 11.0% 880 89,0Z 989 23,415,000

I. 1,505 19.0% 6,382 81.0% 7,887 13,933,000

3. 1,271 36.6% 2,202 63.4% 3,473 13,162,000

i. 710 23.7% 2,285 76.3% 2,995 10,484,000

I. 858 25.0% 2,569 75.0% 3,427 10,263,000

L. 550 20.0% 2,200 80.0% 2,750 9,776,000

845 26.4% 2,355 73.6% 3,200 8,450,000

i. 888 21.8% 3,180 78.2% 4,068 7,979,000

. 829 37.7% 1,3,1 62.3% 2,200 7,177,000

939 31.0% 2,094 69.0% 3,033 6,221,000

i. 830 33.2% 1,670 66.8Z 2,500 5,477,000

c 1,770 38.6Z 2,815 61.4% 4,585 2,923,000

330 33.3% 600 66.7% 930 2,628,000

1. 458 24.5% 1,414 75.5% 1,877 1,523,000

. 400 47.1Z 450 52.9Z 850 1,039,000

S
24,580 23.7% 79,162 76.3% 103,742

1(

1

1

1

1

1

1

1

1

1

2

TOT
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A large number of secondary national and institutional issues

(eatariorating laboratory conditions, personnel shortages, performance

appraisals, merit salary increases, allocation of shrinking resources,

affirmative action employment, and rising indirect costs) are constantly

being raised in every quarter of the research community and each could

use its ma full related literature search to convince the reader of the

importance of the RSP to each issue. We will review in this testimony

only one issue the relationship of the increasing RSP numbers and their

productivity to the escalating indirect costs.

Reducing rapidly increasing indirect costs is of considerable

concern to Congress, to the scientific community, and to users of basic

research and technological innovation. The disproportionate, continuous

rising indirect costs for university research is one of the most serious

and frequently discussed problems confronting the academy today. Gross

(33), Warner (83), Wyngaarden (86), and others have complained about a

wide range of problem, yet no one has systematically and empirically

identified the components of the problem. Lang (47), notes that the

determination of what is an "indirect" cost as distinguished from a

"direct cost" is to a large extent arbitrary, and depends on political,

subjective judgments. Lang (48) has been told by administrators "that

if pressed too much on 'indirect costs' university administrators will

find it necessary to adapt their accounting systems to claim as a direct

cost what is now classified as indirect." All of this leads into

extremely complicated tertiary questions of funding, political

pressures, and the value of the RSP. Stokes (75) noted in his analyses

of the top 100 universities indirect cost policier. that there were

significant differences between the administrative groups (business
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officers and research administrators) and research faculty on the

general topic of indirect costs. Also, the professional societies (26,

31, 47) baize accused the university administrator with ducking and

dodging,the,fundamental issue of indirect costs, and have characterized

the assignment.of, costs as a four-dimensional shell game. Several

long-time university administrators felt the conflict.batueen faculty

and administrators and universities and sponsors ihould'be reduced with

a rational accounting of RSP costa, and called to NCURA and SRAts

attention that the lack of standards for classification prevents

cooperation between the fiscal side of university management and the

science side.

When testifyihg to the Committee on Science and Technology of the

House of Representatives on 24 March 1980, David Saxton, President of

the University of California, recognized varying points of view and

acknowledged that there was vast disagreement among elements within the

research establishment as to who bears the expense of rising indirect

costs. He cautioned,'

In trying to cometo grips with this issue (of Circular A-21), we

are not dealing with a couple of monoliths; the Federal Government

does not present an absolute unified view of the issues, and on the

othAr side, neither do the universities. Our faculty, for example,

is as convinced as anyone in the Government that indirect costs are

too high. They believe that indirect costs mete n the expense of

their own grants.

It is o'vious that neither university edmtnistrators nor government

officials know enough about the atpport costs nor do they have the

146
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foundation information on RSP to justify these costs to faculty or

taxpayers.

Earlier silt ant that RSP are estimated to be at least 75% of the

total research personnel who can be directly or indirectly identified

with some research function. At this tine, we should look at the total

costs of.university research:direct costs and indirect costs, and tha

estimated,eontribution Of the RSP to those costs.

Since most universities cannot presently determine exactly who and

for how much time each RSP is assigned to an organized research unit, it

is impossible to say precisely what the mix of costs are within the

university organized research budget, but one writer guessed that

principal invtstigitor costs are less than 20% of total direct costs for

research and that the RSP account for more than 50% of total research

costs and that RSP costs are rapidly growing. Figure 4 shows three

university administrator's opinions about what the relationship and

distribution might be among the major cost factors in university

research (CF). Exact knowledge of this satin should be determined.

FIGURE 4. A GRAPHIC REPRESENTATION OF ESTIMATED RSP COSTS IN RELATION
TO TOTAL UNIVERSITT'RESEARCH COSTS.
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Anderson (3). Hensley (40). and Jung (44) have postulated that the

alarming increases in agency indirect cost rates are only a gross

indicator of the declining quality of work and is a contributing factor

to rising support costs. They analyzed the work-social interaction of

RSP in six institutions and found that certain employees spend better

than 80X of the "working hours" on work related activities; however.

other employees spend less than 30X of their working-time on work

related activities. These finding; should be more frightening than the

150% increase in indirect coats as these coats would not show up in

indirect cost studies (87).

During the past five years I have given the Questionnaire on the

Size and,Significahcs of RSP to several hundred faculty and science

policy makers to determine their image of the size and significance of

the RSP. Host of those interviewed have dangerously low estimates of

the size of the RSP and hold an outmoded picture of how research is

organized and conducted on today's capus. Moreover. they conceive of

university research in an antiquated and parochial fashion. Most look

upon university research as being confined to basic research. This

narrow personal image is reinforced by the Bowman Model for American

research which was adopted informally by the Federal government in the

forties when Vannavar Bush sent to President Harry S. Truman his

recommendations for the advancement of national research. Isaiah Bowman

in those recommendations maintained that scientific research could be

divided into three broad categories: (1) pure research; (2) background

research; and (3) applied research and development. Briefly stated.

Bowman suggested that pure research should be performed by universities

and applied research and development should be conducted by industry with
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with some being done by government labs. He provided an elaborate

rationale to explain the proper roles and relationships of public and

private research organizations and to guide the governments aid to them.

Today. NSF uses categories (1) and (3) to gather scientific information

from universities and most agency directors and university

administrators have adopted the conventional rationale set forth in

ScienceThe Endless Frontier. A large part of government and

university policy starts with the Bowman Model and then uses NSF data as

their base to formulate policy.

It is my cpinion that the Bowman Model is inappropriate for

understanding today's research activities, as it discourages scientific

interaction, and'ii does not allow a quantification of the products of

research. I suggest that the 1984 Model for Classifying University

Research Activities is more representative of what universities

presently do and is a more powerful and precise model for information

gathering on university research. More importantly this model

encourages the development of industrial as well as government

sponsorship of university research. The 1964 Model is more realistic as

it shows the vast scope of innovative problem solving activities that

society currently demands of the university, in addition to its

conventional training mission. Policy makers must understand that

universities 7erform the vital tasks of (1) creating new knowledge, (2)

inventing new devices. (3) developing prototypes, (4) improving

production of goods and sevices, and (5) transferring technology. Not

only has the scope of the work expanded, but the volume of work has

increased many hundred-fold.

149



a 4.04.. 0.11.1.srILI

CLASSES OF BASIC
ACTIVITIES RESEARCH

A MODEL FOR CLASSIFYING

UNIVERSITY RESEARCH ACTIVITIES

APPLIED

RESEARCH
PRODUCTION TECHNOLOGICAL

DEVELOPMENT RESEARCH INNOVATION

A DISCIPLINARY

IMPERATIVES

SOCIAL

UTILITY

ORGANIZATION

PRIORITIES

MARKET

MANDATES
SOCIAL/DISCIPLINAF

NEEDS

PROCESS B EXPLORING RENDERING STEPPING PRODUCTIVITY INTERDISCIPLINARY.
NATURAL/HUMAN INTO UP-A MODEL IMPROVEMENT INTERSECTOR
PHENOMENA PRACTICE SOLUTION IDEAS

OUTPUTS c KNOWLEDGE INVENTIONS PROTOTYPES PRODUCTS ADOPTION OF AN
ARTICLE PATENTS/ GOODS/SERVICES INNOVATION
ALGORITHM TRADE %

SECRETS/

COPYRIGHT

150



144

Universities are big business. They provide the fuel and

innovation that propels our technological society. Slc the production

of innovation and technology is slowed. There is a w, tweed

perception that scientists and engineers are usually the people who

conceive our innovations this is true; but nationally we have scotomas

that have long excluded the RSP--a group essential for universities to

conduct modern science and produce an expanding variety of innovations.

To draft i:olicy that will facilitate research, we must not only have new

data, we must also have realistic personal perceptions of the subject

and,valid models.

I an pleasedthat the Science and Technology Committee has

structured a broad ranging study of government science policy. A

comprehensive reassessment of the relationships among the organizations

in the research establishment is much needed. Your hearings are most

timely, as I believe that our research universities are caught in a

great wave of technological change that requires both national and

institutional policy makers to reasress our policies and national models

in the light of four decades of dramatic university transformation that

promises to become ircreasingly more rapid in the remaining years of

this century. Hopefully, the results of your study will stimulate and

provide a guide for self studies by universities and professional

associations.

*,!
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'Mr. Fuqua. Thank you very much, Dr. Hensley.
Lthinket thiripoiritwelYilllake a short recess while we go vote.
What we will do :today, in the interest of time, because I also

,think-inany of the questions are interrelated to each other, is that
we Wilihear froin,all-of.the other witnesses and then we will have
questions at:the enduf everyone.

-Hiirsurr.1 will remain.
IlleCeas taken.]
'Mr. Fuqua-We will resume the meeting.
We hirie three other niembers who have not spoken. If the three

othr Iiienibera will take' their places at -the table, we will resume
with.1W,'Sniith, Who:is:senior 'vice president of-the Council for Fi-
nancial' 4140 -Education._

STATEMENT ORMAYDEN.:W. SMITH, SENIOR VICE PRESIDENT,
colmicii FOR-FINANCIAL AID,TO EDUCATiON, NEW YORK, NY. .

Mr. 'S Batik ThankYou; M. Chairman.
kis a pleasure to appear before this task force. The Council is

very appreciative of the opportunity to share some of its informa-
tion and hopes that it will-be useful to theYforkuf this committee.
The Council is known throughout the corporate and academic
worlds as CFAE. I will use those initials here.

By way of identificatiOn,.CFAEis a nonprofit service agency cre-
ated in 1952 by eminent-business leaders. Its purpose is to encour-
age the widest possible support of 1iigher education by private
donors,, especially the corporate- community itself. It is supported
exclusively by voltuitar;, -ontributions from some 400 business cor-
porations, and our program consists of research, publications; and
consultations with business executivesall designed to encourage
corporate support of higher education. We are best known to the
corporate crmmunity at large through a public service advertising
campaign that uses the well-known slogan, "Give to the College of
Your Choice.'

I am eppearing here today to provide the task force with some
information on the extent to which private donors, including indi-
viduals, Industrial firms, and foundations, have, supported the ac-
qUisition and Maintenance of the research infrastructure in Ameri-
can universities. I intend .also to comment on current and future
trends of this type of support and to discuss several elements of
Feirdial,fisUal policy, that impinge on donors' incentives.

'Aniong the research :activities for which CFAE 'is well known is
its annual survey of voluntary support of education. We are the
only agency that gathers such slate, and we are the leading author-
ity on thietYpe of information. I have previously furnished to the
task force copies of Our 1982-83 survey report, and I would like to
Walkyou-through a couple of the numbers in here, just to highlight
the.firidings.

If you will turn to page 3 in this report, you will find ;harts
which, depict our estimates of the total voluntary support received
by all colleges and universities. These estimates are prepared from
our survey findings and they take into account the relative impor-
tance of different kinds of institutions and the differential response
rates that come from them.

15.2-a
(



146

Chart 1. Estimated Voluntary Support of Colleges and Universitios Dr 111.siot Sourtma and In Total
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The chart on the left shows that voluntary support rose from
$2.16 billion in 1975 which was a recession year, to $5.16 billion in
1983. Although we don't have a complete analysis of the data from
the 1984 survey at this time, there is enough information off our
computer to permit an estimate of $5.6 billion. This implies the pri-
vate giving to higher education has increased at an average rate of
11.2 percent per year over the last 9 years, which, when corrected
for inflation, represents a real growth of about 3.5 percent annual- ,

ly.
If you will turn to page 4, table 1 gives a breakdown of our esti-

mates by source and by purpose. The individual donors, you will
note, account_ for roughly half of.all voluntary support, and the dol-
lars are diiiided about equally between institutional alumni and all
other individualS. Business corporations and private foundations
account for' about one-fifth of the total; the remainder comes from
religious denominations and a variety of other sources.
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Table I. Estimated Valuate/1 30mm! by Source and Purpose (taken)

1977.78 19512 Isom

Change. 11M13

v 193142 v 1977-73
v. 197748

di for KM
1171AL YOLUNTAIT SUPPORT $3,040 $4,880 $5,1E0 + 6.2 + 89.7 +10.7

Soaries
Alunini $ 714 $1,240* $1,237 - 0.2 + 73.2 +13.0
Nonalumni Individuals 768 1,097 1,190 + 8.4 + 55.4 + 5.0
Foundations 623 1,003 1,018 + 1.4 + 63 4 + 6.8
Business Coiporations 508 978** 1,112 +13.9 +118.9 +.2.9
Belle°9$1.3Pcmilliti°ns 158 175 .208 + 17.7 + 30.4 -14.1Other - 271 389 397 + 7.6 + 48.4 -: 4.4

iitrP°Ies
Unrestricted $ 934 $1,348 $1,508 + 11.7 + 61.2 . + 5.2

. Physies1 Plant. 447 747 791 + 5.9 + 77.0 + 15.3
Jlesearch 480 676 750 + 10.9 + 58.3 + 2.1
'Studint Aid 429 658 689 , 4.7 + E0.6 + 4.7
'Faculty Compensation 185 284. 334 + 17.6 + 80.5 +17.4
Other 565 1,1471 1,090 - 5.0 + 92.9 +25.6

, f Cirrent Operations $1,825 $2,870 $3,125 + 8.9 + 71.2 + 11.8
Capital PtyPmes . ,

1,215 1,990' 2,035 + 2.3 + 87.4 + 9.1

Price Indices (1967 100)

Consuar (CPI) 188.5 280.8 293.8 + 4.8 + 55.9
Higher Education (HEY!) 201.3 290.4 308.8 + 6.3 4 53.4

'Wads *wis from Edwa rdMalliac7odt.la,of$T7m9Ikab Hirvlud UsIvenity and 833 coMile to Wailiarca Ustvenity for'otber
041:4419.2fAcom

..tidet newsreel in Mitzi read tt $30.4 raglida frogn Haat Carotidal to U'olvallty of Calomta at Loaagelag kectbar ,tupays.
nods* ELS .41p= to Imposts and $20.4 million eftlaktod.

I call your attention to the fact that support from the business
community has grown faster than that from any other source since
1978 and, even when adjusted, for inflation, represents a, gain of 43
perCent over this period..A, significant part of this extraordinary
growth consists of inventory giving; that is, gifts of products manu-
faotnred= by the 'clonorcoMpaiiies. This form of giving is now domi-
nathd by the OcimPuter .Companies; and the gains, are known to be
aisociatecl:with-the Economic Recovery Tax Act of 1981 which pro-
vided. an enhanced deduction for certain contributions of this type
of equipthent.

The table also shows that about 60 percent of total support was
designated for current operations and about 40 percent for capital
purposes, including endowment. I regret that our data don't ade-
quately distinguish between gifts for endowment and those, for
buildings and other physical facilities.

Since the 'interest of the task force at this hearing is in research
infrastructure, I intend to provide a little supplementary data that
bears on this interest.

The purposes' for -which-voluzitaiSi support is given are shown for
two general categories. About 30 percent of the total is not restrict-
ed as to purpose by the donors and may, therefore, be allocated by
the recipient` institutions .iecording to their perceptions of need. Al-
though it7becoines comingled'with other general ftinds, some of this
Money is 'eventuallylised-forYeielirch support.

Amonthe restricted is-the category of research. YOU
wilLnote that an estimated175TMillion, was given specifically forthis 4983. I Will shbitly expand On this figure to indicate
what infOrmation we have as to-its source and content:
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'Some, private giving to higher education is -restricted to physical
-plant purpoieB, You should note the estimate of $791 million.
About. 10 ,percent of this -money consists of current operating sup-
port that tia, restricted to use in maintaining buildings and other
physical, facilities. The remaining 90 percent is for capital purposes.
This would include-Some :of the research infrastructure, but we
have no inforniatiOn as to.the exact amounts.
-441186 Call 'your:attention however, to the category of "other pur-

poses,'.' whioh.,nOw exceedir$1 billion. In fact, the amounts reported
in this category in both actual' and inflation-adjusted terms have
been growing.Nery rapidly ddring thalest 5 years.

'Our imPreasion'fronitalldng to those in the academic community
4;444' much -of this increase consists of support for academic :pro-
grams, library acquisition, and `support of individual' departments
or schools within- ,the hiStitutions. While w_e have made some
'changes in.the breakdowni byliurpose for our 1984 survey, it is un-
likely that -we will be able to deterniine just how much of these
miscellaneous grants is going to research support. It is probable,
however, that some partand,perhapi a very large part-of the de-
itartmentarsupPOrtis.u-sed for this purpose.

On, age 5table 2,, ,there are a few significant figures. The last
columnIon, the :right shims the total support now constitutes only
6.3 percent of the total operating and capital expenditures of all
Coll!,ges'and universities:

Tibia 2.. Voluntary Support in Relation to Enrollmmit. Inflation and Instftuttoa'al Fincodltures

'kW Maladram
Earcilmot MW..IM

You (thourandg) cm

-InsambeWE'vet4timu ' EadottalVdeattrybapport

HEM
'NW

(Wilms)
PaStudgmt

(CusTmt) (at)
Tail

(felMos)
NiSbodmit

(Owe** 02n

M%d
Isoftotkeal
E4.4...

1049-50 2,659 71.7 n.a. $ 2.5 $ 940 11,310 1 240 1 90 1128 9.8
196568 5,967 95.9 95.0 15.2 2,547 2,656 1,440 241 251 9.5
1970.71 8,581 118.8 120.8. 28.9 3,135 2,639 1,8) 217 183 8.9
1975-78 11,185 185.9 177.£ 42.6 3,809 2,290 2,410 215 130 5.8
1980-81 12,097 259.6 283.9 70.5 5,828 2,245 4,230 350 135 6.2
1982-83 12,358 293.8 308.8 82.5 6,876 2,272 5,160 418 142 8.3

'Average Annual Percentage Change:

:1949-50 to 1965-66 5.2 1.8 n.a. 11.9 6.4 4.5 11.9 6.4 4.4
19415-66 to 1970-71 7.5 4.4 6.2 12.1 4.2 -.0.1 5.3 -2.0 -8.1
1970.71 to 1975.76 5.4 6.9 6.6 9.6 4.0 -2.7 5.3 -0.2 -8.8
1975-76 to 1980.81 1.6 9.4 8.1 10.6 15.7 -0.4 11.9 10.2 0.8
1980.81 to 1982.83 1.1 6.4 8.2 8.2 7.0 0.6 10.4 9.3 2.6

Historically, this percentage has been higher than this, For ex-
ample, as recently as the mid- 1960's, it was about 10 percent. It fell
slowly.-to less than 5. percent in the mid-seventies and hag been on
a slight up trend.

Throughout the period, for which we have these data, voluntary
support has risen much faster than the rate of inflation. This is
true whether inflation.is ineasured,by the,Consumer Price Index,
or the- qq, or the. HigherXducation,Price Index, HEPI. It has also
risen faster than the number of stddents, and support per student
is shown to be, now more than four dines what it was in 1950. How-
ever, since the mid-1960'i the growth of private giving has been
slower than the combined effects of inflation and enrollment
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growth, so that support per student measured in constant dollars is
now 40 percent less than it was in 1966.

There his also been. a decline in institutional expenditures per
student, me.asUred in constant dollars. We take these facts to sup-
port the view that there has been some decline in the quality of
higher ',education that has probably affected both instruction and
research.

At the back of the report are several summaries and historical
tables bf data. On page 72, table E gives our estimates of voluntary
support with a breakdown between current and capital money and
the distribution by sources for all years since 1950.

156
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Table E ESTRUM V3TAL Tacoma SUPPORT or own maw IT MON PORPOSI ARO rot OF MA 1941-50 To 110243
(litteetotdolan)

Tees , cenwe ceesei twit 21221, 32212241 34615424

You VolonthySeptat 02,4446221 P4rpoms Alma 24224122421 F422661464 Grp:2162ns DIMMIO41011. OtbSt

9010 140 $ 101. DO CO 03 8 CO 26 $ 15 18

95331 100 107 153 64 04 02 33 19 21

95132 297 119 IN 71 - 71 71 40 20 21

95213 353 181 IN 66 43 83 522 12 23

26334 394 184 110 20 20 93 CO 34 33

95113 473 SO 173 111 113 es to 43 55

93336 573 135 340 1N Id 120 4 75 17 03

95037 NO' MO Sr 120 153 344 37 03 CS

95743 715 323 333 103 NO 135 20 75 75

26430 703 417 343 103 106 107 129 73 84

93303 815 335 433 191 191 163 133 CO 17

02041 201 400 500 196 902 119 147 81 54

96142 Geo 415 633 113 213 CO 154 al 54

90140 1,010 505 543 1St 127 240 180 92 es

9044 1,215 549 880 WS 1561 320 181 yr es

96445 1.620 010 NO 110 313 403 198 101 73

96640 1.440 673 765 310 350 357 CO 103 03

90347 1.430 710 770 320 373 337 249 107 90

96743 LOCO 603 800 WO 4011 374 130 113 91

903-09 1.020 870 MO 434 451 434 171 140 103

05170 1.780 900 510 331 441 434 103 102 133

97071 Eno MO 810 433 405 418 WO 104 IN

97131 2.010 1110 210 431 493 523 275 101 147

97243 1.240 1,430 1.010 530 COO 514 320 CO 101

07374 3,240 1.320 940 503 556 535 NI 110 170

974-75 2.101 1,370 720 488 516 497 357 111

97370 2,410 WO 930 568 503 549 379 133

97617 . 2.670 2.630 1.053 033 0461 333 440 136

977.73 3,110 1,323 UM 714 786 013 506 158

97839 3,330 2.010 1.110 . 785 730 701 350 101

07943 3340
09141 4133
2212412 4.8031
9E243 6,140

2150
taeo
23701
3,123

1.5520'
1,640
1.9031
2..13

910
2.0411

1,1402
1,137

847
1.007
1,037
1,190

126236 4012220221412 4100441312294 12:212y Wary 4473227242t gr420.

1

903
921

1,0/3
1,018

030
778
9701

1,111

133
140
175
20$

192
995
1443

171
234

tS9
334
309
397

"Includes 3105 60126 6:24.7.27122 mak 6x unrestricted 4262wInent. (See Appendt: TAU C.)
1124112101115212.1on le *262 From 1122221 ice cspltal purpoes and 813, 4 2312222264246nd from corpwatScas for currentoperstions.
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There are two points worth noting. Support for canital purposes,
which would 'include research infrastructure, ty. ally exceeded
support for Current verrtions until about 1970. Since then, operat-
ing .support has 'Consistently accounted for the larger share. The
distribution of tatia: support by daurees displayed an extraordinary
Stabili#. The ,gifti atid'bequestalnrin individual have consistently
accounted l'Or':ahout,lialf of the total with roughly equal shares
from alumni inid4ionalurimi donorS.,

The only Major trends are:a generally declining share from reli-
gioUsAlenomiriations, some decrease in the share of private founda-
tions since 1969,.and a significant increase in the proportion of the
total that conies Trani ,,business corParatinns. We expect these
trendaniore oi less to Continue:

The remainder'qif the tabular material' in this report represents
not our estimates of the total for all higher education, but the
amounts actually repotted by the participating institutions.

Let me skip2 down and 'just call your attention to one of these
,tables, which' la table C on page 70, which is a ,distribution of re-
ported support by type of institution.
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Table C VOLUNTARY SUPPORT OF RICAN EDUCATION BY TYPE OF INSTITUTION
(Including percentage of Grand Total and avenge per Institution, della totals and avenges In thouund.)

TYPE OF
..

INSTITUTION' 1973.1474 12761975 19761276 1976.1977 1977-1978 19784779 1974,1980 1980.1981 1431.1932 19ex.1983

?Ante $701.109(40.a 6) 4648,477(33.7%) 1731.914(33.7%) 2804997(37.4 %) 3877.122 (37.4%) $1.001.801 (38.2%) $1,202,420 (39 4%r $1,323,044 (40 0%) $1,313,447 07.0%), $1.533392 (33 0%)
Unlverdties (96) Av. $10,311 (40) Av. $ 9,396 (71) Av. $10307 (73) Av. $11.027 (60) Av. 212,712 (73) Av. 213.724 (74) Av. $16,249 (75) An, 217.707 (74) Av. $29.453 (73) Av. $20.967

Private 26,671 ( 1.5%) 17,603( 1.0%) 21.681( 1.3%) 33,337(I.0%) 23,328( 1.2%) 20.230 ( 0.8%) 16,156 ( 0.3%) 14.680( 0.4%) 20.602 ( 3%) 20.438 4 0.4%)
ateres Colleges (14) Av. $ 1,903 (13) Av. $ 1.373 (16) Av. $ 1,553 (II) Av. $ 1,849 (9) Av. $ 3,147 (6) Av. $ 3.372 (7) An. $ 2,303 (5) Av. $ 2,930 (7) Av. $ 2,972 04 Av $ 2,371

Privets 68,291( 3 9%) 64,460 ( 3.0 %) 74,432 ( 40%) 71,883 ( 3.4%) 80,723 ( 3 4%) 80.858 ( 3.2%) 97,548 ( 3.2%) 118,947 ( 3 6%) 127,333( 3.1%) 153.421( 3 6%)
Womais Colleges 0111 Av. $ 875 (80) Av. $ 805 (81) Av. $ 919 (04) Av. $ 1.042 (SO) Av. $ 1,039 (73) Av. $ 1.108 (74) Av. $ 1,318 (73) Av. $ 1,629 (77) Av. $ 1.654 (77) Av. $ 2,018

Private 461,117 (28 4%) 403.579 (234%) 470,983 (21.9 %) 571,410 (28.7%) 620.793 (26.4%) 624,423 (24.4%) 732,432 (24 0%) 784,4438 (23.7%) 1,016432 (14.9%) 1,075,872 (24 6%)
Coed Colleges (463) Av. $ 995 (453) Av. $ 941 (448) Av. $ 1,031 (476) Av. $ 1.20.. (459) Av.* 1,352 ( 19) Av.1 1,391 (473) Av. $ 1,549 (040) An $ 1,783 (496) An $ 2,053 (495) An $ 2,173 EN,

Professional 64.3651 4.8%) 69,327 ( 4.1%) 93,01331 4.9%) 89. 475( 4.2%) 94,631 ( 4.0%) 95.267 ( 3.7%) 123,104 ( 4.2%) 111,276 ( 3.7%) 153,347 ( 6%) s83,809 4.3 %)

64 Specialized 51) Av. $ 1,654 (54) Av. $ 1,283 (55) Av. $ 1,692 (59) Av. $ 1,317 (61) Av. $ 1,532 (67) Av. $ 1.422 (68) Av. $ 1,884 (62) Av. $ 1,958 (73) Av. $ 2.123 (90) Av $ 2.065

Public 388,461(22.1 %) 133,831 OS 6%) 476,915(25.2 %) 564,403(28.3 %) 623,444 (26 6%) 715.156(24'%) 858,193(23.0 %) 929,238 (28 0%) 1,216,681 (29 9%)f 1.382,397(31.2 %)

Institutions (200 Av. $ 1,874 (147) Av. $ 2.081 (216) Av. $ 2.203 (213) Av. $ 2.640 (207) Av. $ 2,983 (214) Av. $ 3.342 (218) Av. $ 3,927 (209) An 1 4.446 (258) Av. $ 67:6 (287) An $ 5,103

TwoYear 19,0864 1.1%) 0303 ( 1.0%) 18,709( 1.0%) 18.137 ( 0.8%) 22,865( 1.0%) 18,173 ( 0.7%) 21,797 ( 0.7%) 21.413 4 0.6%) 34.030 ( 8%) 37,643 ( 9%)
hutitutIons (106) Av. $ 176 (110) Av. $ 154 (104) Av. $ 180 (106) Av. $ 173 (178) Av. $ 123 (90) Av. $ 202 (105) Av. $ 208 (64) Av. $ 334 (118) Av. $ 294 (126) Av $ 244

CEAND TOTAL $1,746,851 t100%) 21317430 000%1 $1303.432(100 %) *2.138.82. (!00%) $3.347.225(100%) $2353326 000%1 $3855.0531100%) $3.318.0641100 %) 94,080,2041100 %) 94.368,171 OW %)

(988) Av. $1,768 (938) Av. 21,038 (99I) Av. $1.908 (1300) Av. $2,126 (1,065) An, $2,205 (172) Av. 22,633 (1,019) Av. $2,993 (928) Av. *3,376 (1.101) Av. 63.711 (1,137) An 23,442

'In every survey nth Institution Is dandled In the category anroptiste to IM status In that you. Slate
Ma status of many Institutions has changed as the years, the data by eatery are not &Idly can.
parable from one survey to another. See Tahiti 3 co page 7 for a comparism of 193132 and 198243 data
on an adjusted bads.

"Includes nonrecurring transfer of $105 million.
Illndudes $113 million In bolucts.
f Includes 130 4 million gift.in.Hnd.



153

A group of 70 or 75-private universities consistently accounts for
between 35 and 40 percent of the total received by all institutions,
but the most significant change on this table in terms of institu-
tional-shares is the growth of public colleges and universities from
about 22 percent of the total to 31 percent over this particular
period of time, and a declining share received by the categories of

. smaller-private colleges.
All this information is stored on computer tapes since 1966, and

it is, possible to prepare special tabulations and analyses of these
data to serve particular purposes. In order to address the specific

they
of this hearing, I prepared a few supplementary tables and

they are appended to the statement itself.
Table 1, for example, shows the preliminary figures from our

1983-84 survey and the estimated $5.6 billion in total support is
broken down by source. I am sorry that we de not have figures yet
for a breakdown by purpose.
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Table 1. Estimated Voluntary Support, by Slurce and Purpose (millions)

Percent change, 1983-84

1978-79 1982-83 1983-84 v.1982-83 v.1978-79
v.1978-79

adj. for HEPI

TOTAL VOLUNTARY SUP:ORT 63,230 $5,160 $5,600 + 6.5 +73.4 +15.6

Sources:
Alumni $ 785 $1,237 $1,305 + 5.4 +66.2 +10.8
Nonalumni individuals 736 1,190 1,316 +10.6 +7f.8 +19.2
Foundations 701 1,018 1,081 + 6.2 +514 + 2.8
Business Corporations 556 1,112 1,271 +14.3 +121..6 52.7

Religious Organizations 161 206 190 - 7.8 +18.0 -21.6
Other 291 397 437 +10.1 +50.k -

Purposes:
Current Operations $2,010 $3,125 $3,405 + 9.0 +69.4 +12.8
Capital Purposes 1,220 2,035 2,195 + 7.9 +79.9 +20.1

Price Indices (1967-100):
Consumer (CPI) 206.4 293.8 304.8 + 3.7 +47.7
Higher Education (HEPI) 216.9 308.8 315.4 + 5.4 +50.0

161



155 .

The 'results do reflect -a continuation Of current trends or recent
'tends:' Again, 'I" call yotir attention to 'the-Tact that eiiPport from
buiiinesa co rations his shown-an witrifordiriaii increase in infla-
tion-adjusted terms over threiptreViatifi-5 yearii:-Much Of this ifrowth,
i?erhaps -as:muCh4iii 4250,- l'oni -asseciated with the addition of
'section 17.0(04)-tO 'the 'Internal:Revenue:Code. This 'is the section
that:preVides the enhanced tax deduetiOn case 'of inventory
gifts of ,Stientific firePerey` that are made to 'institutions- of higher
education-t by:used for research or eiperimentation or for re-
search training in the -physical or biological sciences.

To throw somelight on this matter,,We conducted a survey of the
leading indUstrial corporations last fall. Our report on that survey
is available as well. nave provided copies to the task force.

Although the response to this particular survey was relatively
low, the data we did obtain reveals clearly that this type of giving
is dominated by companies in the electrical machinery industry, es-
pecially the companies that manufacture computea, medical in-
struments, and other electronic products. That is shown nu the
table on page 2 of the special survey report.

Gifts of Company Product::

Industry 1983 1984
Manufacturing:

Electrical machinery (21) $61,729,490 (19) $95,281,540 (14)
Chemicals & drugs (6) 13,910,196 (3) 167,917 (3)
Food, beverage a tobacco (4) 32,939 (3) 36,420 (3)
Machinery (4) 480,000 (3) 311,700 (3)
Fabricated metals (3) 32,800 (3) 252,000 (3)
Primary metals (3) 3,818 (1) 1,000 (1)
Paper & lumber (3) 1,500 (1) 11,800 (1)
Printing & Publishing (2) 41,485 (2) 33.809 (2)
Petroleum & gas (2) 12,500 (2) 13,500 (2)
Transportation equipment (1) 25,000 (1) _

Subtotal Manufacturing (49) $76,269,728 (38) $96,109,286 (32)

Nonmanufacturing:

Transportation (2) $ 40,403 (2) $ 45,000 (1)
All others (3) 300 (1) 500 (1)

---------- ---
Subtotal Nonmanufacturing (5)$ 40.703 (3) $ 45.500 (2)

=

GRAND TOTAL (54) $76.310,431 (41) $96.155.186 (34)

(Numbers in parentheses shot( the number of companies reporting.)

I should also call to your attention that the numbers shown on
this report reflect a tax deduction value of the gifts to the donors.
The colleges and Universities report a significantly higher figure
because they tend to report the list price value.

It is my personal view that this enhanced deduction should be
extended to all inventory gifts of company products and not limited
to any class of qualified recipients or to any designated purposes.
The formula used for the tax reduction adequately protects the
public interest in preventing the kinds of abuses that led to the re-
strictive legislation in the Tax Reform Act of 1969. It would clearly
provide additional incentives for contributions of state-of-the-art

53-277 0 86 6 162
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equipment, to the e.cientifiulaboratories on the Nation's campuses
as well" as a broad array of other product/3 that are useful and

_.,needed by. charities generally.
Table '2, the supplementary table attached to the statement,

gives a breakdown .of..the research. support by donor grotips taken
from the surveys 00073 and 1983. This type of support is shown to
be.Ofrelatively littleiritorest to individual givers, and what they do
,giye,a6Ccitints for tiliery,small share of the total support. Contribu-
tions for research. purposes are clearly a major growing interest to
corporations and foUndations, and between them they account for
.about 70 percent of the total.

Table 2. Voluntary Support for Research Purposes. by Donor Croups (millions)

1572-73 1982-83

Percent
of total

Percent

of total
Amount 7 support Amount 7 support

Alumni $ 13.3 5.8 3.2 $ 24.8 3.9 2.4

Nonalumni Individuals 37.6 16.3 8.0 77.2 12.2 7.7

Foundations 89.0 38.6 21.7 207.4 32.7 24.1

Business Corporations 53.9 23.4 21.6 232.0 36.6 24.6

Religious Organizations .1 - .1 .4 - .3

Other 36.9 16.0 29.3 92.9 14.6 27.7

$230.8 100.0 13.2 $634.7 100.0 14.5

Table 3 shows the sources of total support, research support, and
physical plant support for 1983 with a division between current op-
erating support and support for capital purposes. While capital
suppoit accounts for about 42 percent of overall giving, it com-
prises only 9 percent of giving for research purposes. The bulk of
research support obviously goes for institutional operating budgets.

Table 3. Total Voluntary Support, Research Support, and Support for Physical Plant,
by Purpose (Current Operations and Capital Purposes), 1982-83 (millions)

Total Voluntary Support Support
Support for

Physical Plant

Total Cur. Cap. Total Cur. cap. Total Cur. Cap.

Alumni $1,046.9 $' 503.8 $ %3.1 $ 24.8 $ 18.0 $ 6.8 $132.5 $ 7.8 $124.7
Nonalumni Inds. 4001.2 450.5 .4.7 77.2 48.6 28.6 153.3 11.3 142.0
Foundations 862.1 497.2 5 .9 207.4 198.2 9.2 177.9 14.3 163.6
Corpoitions 941.6 662.4 2 '.2 232.0 222.7 9.3 167.0 16.0 151.0
Religious Orgns. 174.4 150.2 24.2 .4 .1 .3 16.1 2.6 13.5
Other 335.9 260.3 75.6 92.9 90.1 2.8 22.6 3.4 19.2

Total $4,368.1 $2,524.4 $1,843.7 $643.7 $577.7 $ 57.0 $669.4 $ 55.4 $614.0

On the physical plant side, however, it was 92 percent capital,
and some part of that $614 million of capital support for physical
plant purposes was undoubtedly aimed at the kind of research in-
frastructure in which' this task force is interested, although we do
not have any specific information as to exactly how much.

I :
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Table 4 gives an historical overview of estimated research sup-
port and shows the percentage of research to estimated total sup-
port for all purposes. You will note that there ie a_modest up trend
in this percentage. Prior to 1975, for example, it averaged 12.8, and
in no year was it as high as 15 percent. In the last 10 years, howev-
er, it has averaged 15 percent, and in no year was it less than 13.9.

Table 4. Estimated Voluntary Support and Support of Research, 1954-55 to 1983-84

1954-55

1956-57

Total

Voluntary.
Support

Support

of
Research

$ 475

840

$ 60

85

12.5

9.9

1958-59 760 105 14.0

1960-61 900 125 14.1

1962-63 1,050 140 13.4

1964-65 1,400 155 11.a
1965-66 1,440 205 14.4
1966-67 1,480 185 12.4
1967-68 1,600 200 12.5
1968-69 1,800 225 12.5 t
1969-70 1,780 215 12.1
1970-71 1,860 245 13.3
1971-72 2,020 260 12.8
1972-73 2,240 290 13.0
1973-74 2,240 k90 13.0

1974-75 2,160 325 15.0
1975-76 2,410 355 14.7
1976-77 1.470 400 14.9
1977-78 1,040 475 15.7
1978-79 3,230 505 15.7

1979-80 3,800 575 15.1
1980-81 4,230 630 14.9
1981-82 4,860 675 13.9
1982-83 5,160 750 14.5
1983-84 5,600 840 15.0 (est.)

While prediction is always haiardous, I believe that there are
reasons to anticipate further growths in this percentage. One
reason is the growing relative importance of corporate support in
the total picture. In the past 15 years the percentage of corporate
giving to total support has in-reasecl from less than 15 to more
than 22 percent, and it is still risir.j. Since a high proportion of
corporate support is designated for rceearch purposes, continued
growth in the relative importance, of corporate giving will cause
some further rise in the overall importance of research support
The second reason is that there has been, and continues to be, a
growing sense of partnership between the corporation and the
campus, especially in the research area. The universities are now

bI
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making, special efforts to enhance further this community of inter-

Table 5 gives some detail of corpOrate support and corporate sup-
Tort of research .by type; of institution in 1982-83. The most rele-
vant figures here are those which show the relative importance of
the publk, private;institutions. Although the corporations give
more to piiyate institutions than to public colleges and universi-
ties, the proportion otsupport designated for research purposes at
public institutions has more than doubled the corresponding
number for private colleges and universities.

Table 5. Corporate Support of Colleges and Universities and Corporate Support of
Research, by Type of Institution, 1982-83 (millions)

Total
Corporate
Support

Corporate
Research
S.cpport

Private Universities (73) $ 334.1 $ 74.3 22.2

Private Hen's Collegec (9) 1.5

Private Women's Colleges (77) 13.4 .2

Private Coeducational Colleges (495) 127.9 1.9 1.5

Private Professional & Specialized Insts. (90) 27.9 6.2 22.2

Total Private Four-Year Institutions (744) $ 504.8 $ 82.7 16.3

Total Public Four-Year Institutions (267) 428.6 149.3 34.8

Total Four-Year Institutions (1,011) $ 933.4 $ 232.0 24.8

Two-Year Institutions (126) C.2

Grand Total, All Institutions (1137) $ 941.6 $ 232.0 24.6

Note: Numbers in parentheses are numbers of,participating institutions.

You should note that the division of corporate support at 4-year
institutions between public and private colleges is now in the ratio
of about 46 to 54. T-centy-five years ago the ratio was 25 to 75, and
this shift reflects a long -term trend of growing importanceit re-
flects the growing importance of public research in universities to
the business community. Given that the corporate support of public
institutions is growing more rapidly than that for private colleges,
and given the relatively greater importance of research support in
public institutions, it also follows that a continuation of these
trends will invariably raise research support as a percentage of
total giving by corporations.
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Over and above the gifts and grants that corporations provide to
the colleges and-universities for research purposes are two other
forms of Tesearch support from business. One is contract research
in-which the University performs specific research ofa proprietary
or Auasi-proprietary nature as a quid pro quo for the money it re-
ceives-under the contract. The second covers a variety of coopera-
tive research projects, and these are typically informal arrange-
ments under which one or more persons on the corporate side join
With their academic counterparts to pursue a specific line of in-
quiry. The corporation will often loan or donate equipment to, and
pay the out-of-pocket costs of, such projects. In both these cases, of
course, our numbers exclude the corporate money received by the
institution.

The gfowth of all these related shifts in the paLt 3 or 4 years has
undoubtedly been stimulated by the provisions of the Economic
Tax Recovery Act of 1981 which added section 30 to the Internal
Revenue Code, and this is the 25 percent credit for increasing re-
selreh activities, which will expire or sunset at the end of this
year. The success of this legislation in accomplishing its purposes
namely, to increase corporate research and development activi-
tiesand the desirability of increasing such activities further indi-
cate the need for making this section to become permanent. In
view of the fact that the credit now applies to 65 percent of any
incremental contract research expenditures, including contract re-
search at universities, it would be most unfortunate if this section
were allowed to expire. Indeed, the credit should be renewed at a
higher percentage, even 100 percent, of the contract research on
campus eligible for thiit 25 percent credit.

I have a final word about public policy in this whole area of pri-
vate giving to higher education. Educational support is part of the
total charitable contributions from individuals, corporations, and
foundations. The basic motivation for making contributions has
little or nothing to do with the tax laws; people and corporations
give for reasons that are independent of taxation. However, once
the decision to give has been made, the charitable deduction does
have an influence on the amount that is given. While this is theo-
retically true for all individuals, it is particularly true for those in
the upper tax brackets.

The relevance of this 'Jo the purpose of this hearing is that pri-
vate contributions for research and for research infrastructure at
university s in the future will depend greatly on the content of the
tax laws with respect to the charitable deduction. Any simplifica-
tion of the income tax involving the reduction of marginal rates
will indirectly tend to reduce the amounts that people and corpora-
tions give, simply because it would increase the after-tax cost of
contributions. Since there is a valid objective to be served by such
rate reduction, then the indirect impact on charitable giving is
simply a burden that will have to be borne.

However, there have been speific proposals for altering the
charitable deduction itself; and these would have additional and
direct negative effects on giving, including research support to
higher education. One proposal would put a floor on the deduction,
so that only contributions in excess of some specific dollar amount
or some percentage of income would be deductible. Another propos-
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al could limit the deduction for gifts of property to the lower of
cost, or inflation - adjusted' cost, and deny any deduction for capital
appreciation in:much gift property. A third proposal would elimi-
mate the present proVision- for an above-the-line deduction for non-
itemizers. All three of these- proposals, taken together, would seri-
ously erhde the present levels of charitable giving in general and
support of higher education in particular.

I would- hope. that the members of this task force will conclude
that priVate support of research and of research infrastructure at
universities, although small in relation to support by Government
in recent years, is a necessary, desirable, and vital activity, to be
encouraged to the maximum-reasonable extent. And should any of
the above tax proposals become part of a tax simplification bill, I
would hope that the members of this task force will oppose those
proposals as contrary to the public interest.

This concludes my prepared statement. If there are any ques-
tions or needs for amplification of any of the above facts, I will be
happy to try to provide the answers.

Mr. FUQUA. Thank you very much, Mr. Smith.
[The prepared statement of Mr. Smith follows:]
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PRIVATE SUPPORT OF RESEARCH AT-COLLEGES AND UNIVERSITIES

Hayden W. Smith

Senior Vice President
Council' for Financial Aid to Education

680 Fifth Avenue
New York, New York 10019

My name is Hayden W. Smith. I am senior vice president

of the Council for Financial Aid to Education, 'located in New York

City. The Council is known throughout the corporate and academic comma's

sties by its initials, CFA!, and I shall use them here.

CFAE is a nonprofit service agency created in 1152 by eminent

corporate leaders. Its purpose is to encourage the widest possible

support of higher education by private donors, especially the corporate

community itself. It is supported exclusively by voluntary contributions

fres sane 400 business corporations. Its program consists of research,

publications, and consultation with business executives to encourage

corporate support of higher education. It is best known to the country

at large through a public service advertising campaign that uses the

wellknown slogan, "Give to the College of Your Choice."

I am appearing here today to provide the Task Fort ith

information on the extent to which private donors, including individuals,

industrial firma, cnd foundations, have supported th.. acquisition and

maintenance of the Ch infrastructure at American universities. I

intend also to comment on current and future trends in this type of
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support, and to discuss several elements of federal fiscal policy that

impinge on donors' incentives.

Among the research activities for which CFAE is well known is

the annual Survey of Voluntary Support of Education. We are the only

agency that gathers such data and we cre the leading authority on this

type of information. I have previously furnished copies of our latest

survey report to the Task Force, and will consent on its contents as they

bear on the purpose of this hearing.

The report before you covers the academic year 1982-83. This

represents the 24th survey of private giving to education that we have

-conducted since 1955. The survey has been an annual undertaking since

1965, and is now cosponsored by the Council for Advancement and Support

of Education and the National Association of Independent Schools.

Although it includes data on private support of private precollege

schools, I will exclude them from our discussion today.

The survey questionnaires are mailed to virt 411y all of the

3,000 institutions of higher education in the United States. The informa-

tion requested includes the amounts, sources, and purposes of private

gifts, grants, and bequests received during the previous academic or

fiscal year. We specifically request the exclusion of pledges, endowment

income, and any receipts VAch represent payment for services rendered.

While we cannot guarantee the accuracy of the figures provided, we have

no reason to believe that they contain and significant errors.

The response rate varies from year to year but generally

amounts to 35 percent. On the basis of careful comparisons with finan-
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cial data previously gathered by the U.S. Office of Education (now the

Department of Education), it is clear that those institutions participat-

ing in the .survey typically account for about 85 percent of the total

dollars received by all cctlegea and universities. The nonparticipating

institutions are primarily two-year colleges, the smaller state colleges

and universities, and very specialized private schools such as religious

seminaries and bible colleges, moat of which receive little or no volun-

tary support.

If you will turn to page 3 of the 1982-83 report you will

find charts which depict our estimates of voluntary support of higher

education for the previous decade. These estimates are prepared from the

survey findings by means of a careful analysis of the reported data,

taking into account the relative importance of different kinds of institu-

tions and the differential response rates.

The chart on the left shows that total voluntary support

rose from $2.16 billion in 1974-75, which was a recession year, to $5.16

billion in 1982-83. Although we do not yet have a complete analysis of

the data from the 1983-84 survey, there is enough information off the

computer to permit an estimate of $5.6 billion. This implies that

private giving to higher education has increased at an average rate of

11.2 percent per year over the last nine years which, when corrected for

inflation, represents a real growth of about 3.5 percent annually.

Table 1 on page 4 gives breakdowns, of our estimate by source

and by purpose. In.ividual.donors account for roughly half of all

voluntary support, and the dollara are divided about equally between

institutional alumni and other individuals.
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Business corporations and private foundations each account for

about onefifth of the total; the remainder comes from religious denomina

tions and a variety of other sources. I call your attention to the fact

that support from the business community has grown faster than that from

any other source since 1977-78, and even when adjusted for inflation

represents a gain of 43 percent over this period. A significant part of

this extraordinary growth consists of inventory giving, i.e. gifts of

products manufactured by the donor companies. This form of giving

is now dominated by the computer companies, and the gains are known to be

associated with the Economic Recovery Tax Act of 1981 which provided an

enhanced deduction for certain contributions of this type of equipment.

The table Llso shows that about 60 percent of total voluntary

support was designated for current operations and 40 percent for capital

purposes, including endowment. I regret that our data do not adequately

distinguish between gifts for endowment and those for buildings and other

physical facilities. Since the interest of the Task Force at this

hearing is in research infrastructure, I intend to provide some supplemen

tary data that bears on this interest.

The purposes for which voluntary support is given are shown

for a few general categories. About 30 percent of the total is not

restricted as to purpose by the donors and may, therefore, be allocated

by the recipient institutions according to their perceptions of need.

Although it becomes comingled with other general funds, some of this

money is eventually used for research support. Among the restricted

purposes is the category of research, and you will note that an estimated

$750 million was given specir.cally for this purpose in 1982-83. I will

shortly expand on this figure to indicate what information we :lave as to
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its source and content.

Some private giving to higher education is restricted to physical

plant purposes, and you should note the estimate of $791 million. About

'en percent of this money constitutes current operating support that is

restricted to use in maintaining buildings and other physical facilities;

the remaining 90 percent is for capital purposes. This would include some

research infrastructure, but we have no information as to the amounts.

I also call your attention to the category of "other" purposes,

which now exceeds $1 billion, and to the fact that the amounts reported in

this category in both actual and inflation-adjusted terms have bee., grcAng

very rapidly in the past five years. Our impression from talking to those

in the academic community is that much of this increase constitutes support

of academic programs, library acquisitions, and support of individual

departments or schools within the institutions. While we have made sore

changes in the breakdowns by purpose for the 1983 -84 survey, it

is unlikely that we will be able to determine how much of these miscellan-

eous grants is going for research purposes. It is probable, however,

that some part, and perhaps a large part, of the departmental support is

used for this purpose.

There are a few significant figures in Table 2 on page 5. The last

column on the right shows that total voluntary support now constitutes only

6.3 percent of the total operating and capital expenditures of all colleges

and universities. Historically this percentage has been higher than

this; for example, as recently as the aid -1960s it was about ten percent,

then it fell slowly to less than six percent it the mid-1970s, and it has

since been in a slight uptrend.
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Throughout the period for which we have these data, voluntary

support has risen much faster than the rate of inflation, and this is

true whether inflation is measured by the Consumer Price Index (CPI) or

the Higher Education Price Index (HEPT). It has also risen faster than

the number of students, and support per student is now more than four

times what is was in 1950. However, since the mid-1960s the growth of

private giving has been slower than the combined effects of inflation and

enrollment growth, so that support pet student measured in constant

dollars is now 40 percent less than it was in 1966. There has al 7 been

a decline in institutional expenditures per student, measured in constant

dollars, and we take these facts to support the view that there has been

some decline in quality in higher education that has probably affected

both instruction and research.

At the back of the report are several summary and historical

tables of data. On page 72, Table E gives our estimates of voluntary

support, with a breakdown between current and capital money and the

distribution by source, for all years since 1950. There are two points

worth noting Support for capital purposes typically exceeded support

for current operations until 1970; since then operating support has

consistently accounted for the larger share. And the distribution of

total support by source has displayed an extraordinary stability; the

gifts and bequests from individuals have co:it:latently accounted for about

half of the total, with roughly equal sha.es from alumni and nonalumni

donors; the only major trends are a generally declining share from

religious denominations, some decrease in the share of foundations since

1969 and a significant increase in the proportion of the total that

comes from business corporations.
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The remainder of the tabular material in this report represents

not our estimates for all higher education but amounts actually reported

by the participating institutions. Of special interest to this Task

Force is the bottom half of Table D on page 71. The amounts reported

over the last ten years have shown remarkable stability in terms of

purpose; there has been a decline in unrestricted money from about 33

percent to 29 percent and a corresponding increase in the "other" cate-

gory from 17 to 21 percent; support for physical plant and for research

each account for about 15 or 16 percent every year, student aid has been

.relatively constant at 13 percent, and faculty compensation at about 6

percent.

Finally, I call your atr*ntion to Table C on page 70, which

shows that a group of 70 or 75 privt e universities consistently accounts

for between 35 and 40 percent of the total support received by all

institutions. The most signific.nt change in the institutional shares is

a growth for the public colleges and universities from 22 to 31 percent

of the total and a corresponding decline in the shares received by the

,four categories of smaller private colleges.

All this information has been stored on computer tape since 1966,

and it is possible to prepare special tabulations and analyses of these data

to serve particular purposes as needed. In order to aduress the specific

subject of this hearing, we have p.epared a few supplementary tables, and

they are appended to this statement.

Table 1 shows the preliminary figures from the 1983-84 survey.

The estimated $5.60 billion of total support is broken down by source, and

the results reflect a continuation of recent trends. Again I call your

attention to Lite fact that support from business corporations has shown
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an extraordinary increase in inflation-adjusted terms over the previous

five years. Much of this growth, perhaps as much as $250 million,

is associated with the addition of section 170(e)(4) to the Internal

Revenue Code. This section provides for an enhanced tax deduction in the

case.of inventory gifts of scientific property that are made to institu-

tions of higher education and to be used for research or experimentation

or for research training in the physical or biological sciences.

To throw some light on this matter, we conducted a survey of

the leading industrial corporations last year, and our report on that

survey is available to this Task rorce. Although the response rate was

relatively low, the, data we did obtain reveals clearly that this type

of giving is dominated by the companies in the electrical machinery

industry, especially companies that manufacture computers, medical

inst.umente, and other electronic.products. The numbers shoOn on page

2 of that report reflect the tax-deduction ',slue of the gifts made, and

this figure is significantly lower than the, list price value used by

recipient institutions in our voluntary support survey.

It is my personal viol, that this enhanced deduction should

be extended to all inventory,gifts of lompany products and not limited

to any class of qualified recipients or to any designated purposes.

The formula used for the tax deduction adequately protects the public

interest in preventing the kinds of abuses that led to the restrictive

legislation in the Tax Reform Act of 1969, and it would elec.:1y provide

additional incentives for contributions of state-of-the-art equipment to

the scientific laboratories on the Nation's campuses as well as a broad

array of other products that are useful and needed by charities generally.
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The second supplementary table attached to this statement

gives a breakdown of research support by donor groups taken from our

voluntary support surveys of 1972-73 and 1982-83. This type of support

is of relatively little interest to individual givers, and what they do

give accounts for a small share of the total. Contributions for research

purposes are clearly of major and growing interest to corporations

and foundations, and they account for about 70 percent of the totml.

Table 3 shows the sources of total support, research support,

and physical plant support in 1982-83 with the division between current

operating support and support for capital purposes. While capital

support accounted for 42'percent of overall giving, it comprised only 9

percent of giving for research purposes. The bulk of research support

obviously goes for institutional operating budgets. Physical plant

support, on the other hand, was 92 percent capital. Some part of the

$614 million repotted in the survey was undoubtedly aimed at the kinds of

research infrastructure in which this Task Force is interested, but we do

not have any information as to how much.

Table 4 gives an historical overview of estimated research

support and sh6ws the percentage of research support to estimated total

support 'for all purposes. There is a very modest uptrend in this percent-

age. Prior to 1974-75 it averaged about 12.8 and in no year was it as

high as 15.0; in the last ten years it has averaged 15.0 and in no year

was it leis than 1319.

While prediction is always hazardous, I believe there are

reasons to anticipate further modest growth in this percentage. One

reason: is the growing relative importance of corporate support in the

total picture; in the past 15 years the percentage of corporate giving to
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total voluntary support has increased from less than 15 percent to

more than 22 percent and it is still tieing. Since a high proportion of

corporate support is designated fur research purpose:, continued growth

in the relative importance of corporate support will cause save further

ris. in the relative overall importance of r ccccc eh support. A second

reason is that there has been, and continues to be, a growing sense,

of partnership between the corporation and the campus, especially in the

research area, and universities are making special efforts to enhance

further this community of interest.

Table 5 gives some detail of total corporate support and

corporate support of research by type of institution in 1982-83. The

most relevant figures bare are those which show the relative importance

of public and private instituacus. Although corporations give more

to private institutions than to public colleges and universities, the

proportion of support designated for research purposes at public institu-

tions is more than double the corresponding Dumber for private colleges

and universities.

Please note that the division of corporate support of four-year

institutions between public and private colleges is in the ratio of

46-to-54; 25 years ago the ratio was 25-to-75, and this shift reflects a

loop-term trend of growing importance of public research universities to

the business sector.

Gies that corporate eut.pert for public institutions is growing

more rapidly tan that for private colleges and universities, given

the relatively greater importance of research support at public institu-

tions, if follows that continuation of these trends will invariably
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raise research support as a percentage of total corporate support of

higher education.

Over and above the gifts and grants that corporations provide

to colleges and universities for research purposes, there are two other

forms of research support from business. One is contract research, in

which the univesity performs specific research of a proprietory or

quasipropiietoly nab re as a quid pro quo for the money it receives

under the contract. The second covers a variety of cooperative research

projects. These are typically informal arrangements under which one or

more persons on the corporate side join with their academic counterparts

to pursue a specific line of inquiry; the corporation will often loan or

donate equipment to, and pay the outofpocket costs of, such projects.

In both these cases, of course, our numbers exclude the corporate none

received by the institution.

The growth of these relationships in the past three or lour

years has undoubtedly been stimulated by the provision in the Economic

Recovery Tax Act of 1981 which added section 30 to the Internal Revenue

Code. This is the 25 percent credit for increasing research activities,

and it will e ire or "sunset" at the end of this year. The success of

this legislation in accomplishing its purposes, namely to increase

corporate research and development activities, and the desirabliity of

increasing such activities further, indicates the need for making this

section of the Code permanent. And, in vies of the fact that the credit

not applies to 65 percent of any incremental contract research expendi

tures, including contract research at universities, it would be most

unfortunate if this section were allowed to expire. Indeed, the credit
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should be renewed and a higher percentage -- even 100 percent -- of

contract research on campus should be made eligible for the 25 percent

credit.

A final word on public policy in the area of private giving

to higher education. Educational support is a part of total charitable

tontributions from individuals, corporations and foundations. The

basic motivation for making contributions has little or nothing to do

with the tax laws; people and corporations give for reasons that are

independent of taxation. However, once the decision to give has been

made, the charitable deduction does have an influence on the amount that

is given. While this is theoretically true for all individuals, it is

particularly true for those in the upper tax brackets.

The relevance of this to the purpose of this hearing Is that

private contributions for research and for research infrastructure at

universities in the future will depend greatly on the content of the

tax laws with respect to the charitable deduction. Any simplification

of the income tax involving the reduction of marginal rates will indirect

ly tend to reduce the amounts that people and corporations give, simply

becsnne it would increase the aftertax cost of contributions. Since

Cher is a valid ')jective to be served by such rate reduction, then

the indirect impact on charitable giving is simply a burden that will

have to be borne.

However, there have been specific proposals for altering

the charitable deduction itse.g, and these would have additional and

direct negative effects on giving, including research support to higher
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education. One proposal would put a floor on the deduction, so that

only contributions in excess of some specific dollar amount or some

percentage of income would be deductible. Another proposal would limit

the leduction for gifts of property to the lower of cost or inflation

adjusted cost, and deny any deduction for capital appreciation in such

gift property. A third proposal would eliminate the present provision

for an abovetheline deduction for nonitemirers. All three of these

proposals, taken together, would seriously erode the present levels

of charitable giving in general and support of higher education in

particular.

I would hope that the members of this Task Force will conclude

that private support of research and of research infrastructure at

universities, although small in relation to support by government in

recent years, is a necessary, desirable, and vital activity, to be

encouraged to the maximum reasonable extent. -And should any of the

above tax proposals become part of a tax simplification bill, I would

hope that the members of this Task Force will oppose those proposals

as contrary to the public interest.

This concludes my prepared statement. If there are any

questions or needs for amplification of any of the above facts, I

will be happy to try to provide the answers.

8.1.



Table 1. Estimated Voluntary Support, by Source and Purpose (millions)

Percent change, 1983-84

1978-79 1982-83 1983-84 v.1982-83 v.1978-79
v.1978-79

adj. for HEPI

TOTAL VOLUNTARY SUPPORT $3,230 $5,160 $5,600 + 0.5 +73.4 +15.6

Sources:

Alumni $ 785 $1,237 $1,305 + 5.4 +66.2 +10.8
Nonalumni individuals 736 1,190 1,316 +10.6 +78.8 +19.2
Foundations 701 1,018 1,081 + 6.2 +54.2 + 2.8
Business Corporations 556 1,112 1,271 +14.3 +128.6 452.7
Religious Organisations 161 206 190 - 7.8 +18.0 -21.6
Other 291 397 437 +10.1 +50.2 -

Purposes:
Current Operations $2,010 $3,125 $3,405 +9.0 +69.4 +12.8
Capital Purposes 1,220 2,035 2,195 +7.9 +79.9 i10.1

Price Indices (1967-100):
Consumer (CPI) 206.4 293.8 304.8 + 3.7 +47.7
Higher Education (HEPI) 216.9 308.8 325.4 + 5.4 +50.0
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Table 2. Voluntary Support for Research Purposes, by Donor Groups (millions)

1972-73 1982-83

Percent Percent
of total of total

Amount X support Amount X support

Alumni $ 13.3 5.8 3.2 $ 24.8 3.9 2.4
Nonalumni Individuals 37.6 16.3 8.0 77.2 12.2 7.7
Foundations 89.0 38.6 21.7 207.4 32.7 24.1
Business Corporations 53.9 23.4 21.6 232.0 36.6 24.6
Religious Organizations .1 - .1 .4 - .3

Other 36.9 16.0 29.3 92.9 14.6 27.7

1-
$230.8 100.0 "13.2 $634.7 100.0 14.5
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Table 3. Total Voluntary Support, Research Support, and Support for Physical Plant,
by Purpose (Current Operations and Capital Purposes), 1982-83 (millions)

Total Voluntary Support Research Support
Support for

Physical Plant

Total Cur. Cap. Total Cur. Cap. Total Cur. Cap.

Alumni $1,046.9 $ 503.8 $ 543.1 $ 24.8 $ 18.0 $ 6.8 $132.5 $ 7.8 $124.7
Nonalumni Inds. 1,007.2 450.5 556.7 77.2 48.6 28.6 153.3 11.3 142.0
Foundations 862.1 497.2 364.9 207.4 198.2 2.2 177.9 14.3 163.6
Corportions 941.6 662.4 279.2 232.0 222.7 9.3 167.0 16.0 151.0
Religious Orgns. 174.4 150.2 24.2 .4 .1 .3 16.1 2.6 13.5
Other 335.9 260.3 75.6 92.9 90.1 2.8 22.6 3.4 19.2

Total $4,368.1 $2,524.4 $1,843.7 $643.7 $577.7 $ 57.0 $669.4 $ 55.4 $614.0
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Table 4. Estimated Voluntary Support and Support of Research, 1954-55 to 1983-84

1954-55

1956-57

Total
Voluntary-
Support

Support

of

Research X

$ 475

840

$ 60

85

12.5

9.9

1958-59 760 105 14.0 II-

1960-61 900 125 14.1

1962-63 1,050 140 13.4

1964-65 1,400 155 11.2

1965-66 1,440 205 14.4

1966-67 1,480 185 12.4

1967-68 1,600 200 12.5

1968-69 1,800 225 12.5
1 1-4-

1969-70 1,780 215 12.1

1970-71 1,860 245 13.3

1971-72 2,020 260 12.8

1972-73 2,240 290 13.0

1973-74 2,240 290 13.0

1974-75 2,160 325 15.0

1975-76 2,410 355 14.7

1976-77 2,670 400 14.9

1977-78 3,040 475 15.7 I.
19/8-79 3,230 505 15.7

1979-80 3,800 575 15.1

1980-81 4,230 630 14.9

1981-82 4,860 675 13.9

1982-83 5,160 750 14.5

1983-84 5,600 840 15.0 (est.)



Table 5. Corporate Support of Colleges and Universities and Corporate Support of
Researih, by Type of Institution, 1982-83 (millions)

Total

Corporate
Support

Corporate
Research
Support

Private Universities (73) S 334.1 $ 74.3 22.2

Private Men's Colleges (9) 1.3

Private Women's Colleges (77) 13.4 .2

Private Coeducational Colleges (495) 127.9 1.9 1.5

Private Professional & Specialized Insts. (90) 27.9 6.2 22.2 1-6

c)

Total P:ivatc Four-Year institutions (744) $ 504.8 $ 82.7 16.3

Total Public Four-Year Institutions (267) 428.o 149.3 34.8

Total Four-Year Institutions (1,011) $ 933.4 $ 232.0 24.8

Two -Year Institutions (126) 8.2

Grand Toter,- All Institutions (1137) $ 941.6 $ 232.0 24.6

Note: Plumbers in parentheses are numbers of participating institutions.
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.4,715r Council for Financial Aid
to Education, Inc.
680 Fdth Avenue. New York. New Yak 10319

CORPORALS GIFTS OF COMPANY PRODUCTS AND OTHER PROPERTY
TO EDUCATION

introduction

Corporate interest in donations ,f company products to colleges
and universities grew sharply after the passage of the Economic Recovery
Tax Act (ERTA) in August ,1981. ERTA provided for enhanced tax deductions
for gifts from inventory of products to be used in research or research
training in the physical and biological sciences. CFAE started to collect
data in 1982 about the total amounts of these gifts and of gifts of other
types of property to education in its two annual surveysVoluntary Support
of Education and Corporate Support of Education. In the 1983 edition of
the latter, 25 corporations reported donations of $47.5 million in company
products to education. But no details existed about the nature of these gifts
and company policies concerning, them. Hence, a special survey was indicated.

In the fall of 1984, "product-propertygift" questionnaires were

sent to 1,663 corporate contributions officers to solicit these additional
details about gifts to education only. A total of 298 companies responded;
102 made gifts of company products, other property or both. An additional
7 had no formal programs but were beginning to track such contributions,
which were usually mad by divisions or subsidiaries. The remaining 189
did not make such gifts.

Survey Results

A breakdown o1 the responses by type of program and by industry
sector follows:

Industry
Type of Program Total

Hanufac
Luring

Nonmanu
lecturing

Unknown

Company products
only 19 2 21

Both products and

other property 30 3 33

Other property
only 15 30 3 48

TOTAL 64 35 3 102
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Despite the fact that all of these companies indicated the existence

of programs for making produot or property gifts, not 01 of them made such
gifts in any given year or even every year, nor could all of them put a value
on such gifts. Some companies have not kept track of such gifts in the past.
Some gifts were equipment that had already been fully depreciated and had no
book value. Some companies did not answer all questions. Although the size
of the sample is too small to per-it generalization to the total corporate
community, the data reported are sufficient to provide a valuable insight
into the amount and nature of th de gifts. The respondents also represent
the major company product donors known to CHI.

Gifts of Company Products

Nineteen companies in 8 manufacturing industries made donations of
company products only. An additional 30 manufacturers in those 8 and two
other industry groups gave both company products and other property.
Two companies in a service industry gave company products, one through
a manufacturing subsidiary. Three companies in three additional nonmanu
facturing industry groups reported the existence of programs for making
both types of gifts, although only one reported caking such gifts during
the period covered by the survey (1983 and 1984).

The value of product gifts, where known and reported, was as follows:

Gifts of Company Products

Industry 1983 1984
Manufacturing:

Eleotrical machinery (21) $61,729,490 (19) $95,2f1,540 (14)
Chemicals & drugs (6) 13,910,196 (3) 1.67,917 (3)
Food, beverage & tobacco (4) 32,939 (3) 36,420 (3)
Machinery (4) 480,000 (3) 311,700 (3)
Fabricated metals (3) 32,800 (3) 252,000 (3)
Primary metals (3) 3,818 (1) 1,000 (1)
Paper & lumber (3) 4,500 (1) 11,800 (1)
Printing & publishing (2) 41,485 (2) 33.809 (2)
Petroleum & gas (2) 12,500 (2) 13,500 (2)
Transportation equipment (1) 25,000 (1) --

$76,269,728Subtotal Manufacturing (49) (38) $96,109,286 ()2)

Nonmanufacturing:

Transportation (2) $ 40,403 (2) $ 45,000 (1)
All others (3) 300 (1) 500 (1)-----
Subtotal Nonmanufacturing (5)$ 40,703 (3) $ 45,500 (2)

GRAND TOTAL (54) $76,310,431 (41) $96,155,186 (34)

(Numbers in parentheses show tr number of companies reporting.)
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As can be seen in the table, the eaectrical industry dominated this
type of giving. Of the 19 electrical machinery companies donating their
products in 1983. 7 (or 36.8 percent) said they gave only to colleges, while
12 (or 63.2 percent) gave to bovh colleges and precollege institutions. In
1984. 6 (42.9 percent) gave to colleges only and 8 (57.1 percent) gave to
both educational levels. Hone gave only to precollege institutions in
either year.

Of the remaining 33, 13 (44.8 percent) gave to colleges only, 6 (20.7
percent) to precollege institutions only and 34 (34.5 percent) to both. Four
did not indicate an educational level.

There was considerable variation in valuation practices. Of the 54
companies report$ng donations of cvaPanY products, 22, or just under 41
percent, used the sales price, list price or fair moket value to notify
recipients of the value of the gift. Another 18, or 33.3 percent. em-
ployed a lesser figure, including the discounted price, the book value,
cost, or half the difference between cost and resale price. These latter
mechanisms may apply to the "other property" gifts that some of these
companies made, because the questionnaire did not differentiate between.
the two types of gift when asking for methods of notifying donees of gift
values. Just over one qiarter (13, or 25.9 percent) either did not answer
or did not notify recipients of the value of the gift. One company, for
example, explained that the donation was already fully depreciated. Obviously,
this comment applied to gifts of other property.

Forty of the manufacturers and three of the nonmanufacturers donating
only company products took them as a tax deduction in 1983; the numbers dropped
to 37 and 3, respectively, in 1984. Some of the respondents made no product
gifts in 1983; others made none in 1984. The sample was different each year.

Gifts from 11 companies were eligible for the enhanced deduction under
Section 170(e)(3) of the Internal Revenue Code for "care of the ill, the
reedy, or infants." Gifts from 21 companies were eligible for the enhanced
Deduction under Section 170(e)(4) for research or research training, as
provided in ERTA. Although 15 of the companies indicated that they
had written policies and forms for certification by he recipient about
the use of the donations, only four *.em: able to provide copies.

Gifts of Other Property

Other property donations were almost entirely used or surplus items.
They are often unplanned, and data about their value tend to be very lumpy.
Host frequently they were used furniture or office equipment, but also included
used audiovisual or computer equipment, used vehicles or paper and office
supplies. Occasionally, companies gave real estate and art works, usually
on a one-time basis, and some of them at times provided constrw.cion materials
or pro bono services, with no tax deduction being taken on the latter.
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Of the 45 manufacturing companies that donated other property to
educational institutions, the 30 that gave both products and property
represented 10 industries; the 15 that confined their gifts to other
property were in only 7 of the4e industries. The 30 nonmanufacturers
that gave other property were in 7 industry groups, with the three that
also gave company products in three of those groupings.

The breakdown of corporate gifts of other property by industry
groupings i3 as follows:

Corporate Gifts of Other Physical Property

Industry 1983 1984

Manufacturing;

Electrical machinery (14) $ 1,876,742 (6) $ 2,576,000 (5)
Chemicals & drugs (9) 8,699,218 (4) 276,917 (3)
Petroleum & as (6) 1,760,753 (3) 71,700 (3)
All others (16) 1,524,078 (5) 188,662 (6)

Subtotal Manufacturing (45) $13,91 (18) $ 3,113,279 (17)

Nonmanufacturing;
Utilities (9) $ 302,672 (7) $ 18,116 (5)
Insurance (7) 97,500 (4) 9,200 (3)
"clanking (6) 51,500 (2)
Telecommunications (5) 2,142,616 (4) 1.342,347 (4)
Engineering & Construction (2) 15,000 (2) 10,000 (2)
All others (4) 20,000 (1)

Subtotal Nonmanufacturing(33)$ 2,629,288 (20) $ 1:379.663 (14)

Unknown (anonymous replies) (3) $ 623,500 (3) $ 117,500 (2)
wzr.:Icsw=c= L2:::CLC=

GRANO TOTAL (81) $17,113,579 (41) S 4,610,442 (33)

(Numbers in.parentheses show the number of companies reporting.)

Only 74 of the respondents indicated the educational level to which they
made property gifts. Almost half (36. or 48.7 percent) gave to both colleges
and universities and precollege institutions; 30, or 40.5 percent, gave to
colleges only and 8, or 10.8 percent, to :schools only.
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Of the 48 companies that only gave property. 28 notified reeipienta
of the value of their gifts. Fifteen, or 31.2 percent. used the list price
or fa=r market value; 13. or 27.1 percent. applied a variant, such as the
net depreciated value, the'salvage value or an appraised value. The rest
(20. or 41.7 percent) either did not answer or had already depreciated the
property and therefore took no tax deduction on it. Slightly over half (26)
of the companies took a tax deduction for their property gifts in 1983;
exactly half did so in 1984.

Where do Proposals Originate?

Host requests for company produets came from reciOents, but an
almost equal number of offers of gifts originated with the companies. Host
of the eompanies responded to requests as well as made their own offers.
Three respondents also received proposals from employees outside the
contributions function for gifts to organizations' they worked with.

Requests for gifts of "other" property originated equany from donee
requests and from within the companies. Again. moat companies received
proposals from both sources. Two also received proposals from employees
who had worked with the recipient organization.

Oiseounted Pricing.

Fourteen of the eompanies donating only their own manufaetured products
also sold their products to educational institutions at discounted priees.
These companies were in three industries: electrical machinery. printing
and publishing and petroleum and gas. float of them indicated that they
gave standard, industry-wide discounts. A feu, however. reported that
discounting was done only by certain di isions or aubsidie.ies and the.. there
was no company-wide policy. A (to others were in the process of aeV.ing up
a eompanY policy. The remainder of the respondents either reported that
their company had no such policy or did not answer the quesLion.

CFAE Research
1/30/85
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Mr. FUQUA. Now we will hear from Dr. Frank Sprow, vice presi-
dent of Exxon Research 8c'Engineering Co.

[A biographical sketch of Dr. Sprow follows:]

DR. FRANK B. SPROW

Dr. Sprow received his Bachelor of Science (1962) and Master of Science (1963) de-
green in Chemical .Engineering from MIT and his Ph.D. in Chemical Engineering
(1965) from the .thuversity of Ca. Tfornia at Berkeley.

Dr. Sprow assumed his current position in December 1982 as Vice President,
Technology Support for Exxon Research and Engineering Company, Clinton, New
Jersey. Technology Support is responsible for managing business and technical sup-
port to ER&E's R&D and engideermr activities. This includes financial, legal, ana-
lyCal, computing, and other areas. Construction and planning for ER&E's new fa-
cinties am also included.

He ipegan his career with Exxon at Baytown, Texas, in 1965 and worked in vari-
ous engineering and supervisory positions there. In May 1971, Dr. Sprow joined
Exxon U.S.A.'s Supply Department in Houston, and later became Head of Corn-
merce.11aw Materials, responsible for negotiations for purchase and sale of Exxon's
U.S. crude oil supplies. He then became Technical Manager of Exxon US.A.'s
Bayway, New Jersey Refinery in August 1975 and was named Operations Manager
in August 1977. Dr. Sprow foiLed Exxon Research and Engineering in March 1979
and was General Manager of Petrieum R&D Programs. In January 1980, he was
promoted to Vice President, Synthetic Fuels Research, where he was responsible for
development and management of Exxon's research efforts on the conversion of coal
and shale to liquid and gaseous products.

Dr. Sprow is a member of the AIChE and the Society of Autot.otive Engine:kris.
He is active in Exxon's university relationships programs and has served e- various
college advisory boards.

STATEMENT OF DR. FRANK B. SPROW, VICE PRESIDEIC, EXXON
RESEARCH & ENGINEERING CO., ANNANDALE, NJ

Dr. SPROW. Thank you, Mr. Chairman.
It is a pleasure to have the opportunity to offer an industry per-

spective regarding the research infrastructure at the university.
I am quite concnned about the condition of our university re-

search facilities. Frequently, when I visit a university lab, I Bee Ob-
solete instruments, crowded and marginally safe facilitieq, and the
move to shared computing and electronically-linked research appa-
ratus has passed many schools by.

At the same time the health of the university research system is
critical to industry. We need trained graduates in our own labora-
tories and fundamental work is carried out on the universities
which is too speculative for profit-making firms to engage in.

This problem needs more than money as a cure. If we continue
with current methods of funding university research, not enough
money could be printed to really solve the infrastructure problem
on a continuing basis, especially if the United States wants to
retain its technological edge.

As severe as this problem is, in my view it could well be much
worse but for the 1981 Tax Act which provides an incentive for cor-
porate donations of research and development equipment 0 univer-
sities. The fruits of this program are obvious, most particularly in
the electronics and computing disciplines. The coming consider-
ation of tax reform proposals should certainly include this discus-
sion of this important area.

Let me back up and say that in my experience an effective re-
search and development program has five requirements:

First, creative people working independently and in teams.
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Next, state-of-the-art facilities and tools.
Next, establishment of realistic research objectives, including

how the work will be used if it succeeds.
Next, sharing of resources to save money.
Finally, but very importantly, stewarding the results of the re-

search to insure that we have learned from the experience, positive
or negative. Did we get what we paid for? If we did, fine. If not,
why not?

The current system of individual grants to university researchers
has been successful in the first of these, attracting creative people,
but contributes relatively little to the other four. An alternate ap-
proach that would lend itself to greater utilization of business prin-
ciples for managing our research resources would be the adoption
of supplemental institutional grants to encourage the establish-
ment of a centralized facility. Such centers would be collaborative-
ly managed, by the institutions using them. As envisioned here,
they would facilitate the acquisition, maintenance, and sharing of
instrumentation. Flexible guidelines could enable the aggregation
of funds for the purchase of expensive instruments.

Second, a reasonable level and continuity of funding could allow
a long-term commitment to provide adequate maintenance support
and operating personnel.

Third, the scale of the programs would make it possible to pro-
vide shared instrumentation and management in a cost-effective
manner.

The principal motivation behind establishing and funding cen-
tralized research facilities is an attempt to solve the dilemma cre-
ated by the combined increases in the need for and the cost of
modern research facilities.

At some cost threshhold, it is clear that centralized research fa-
cilities are necessary, because the infrastructure required to sup-
port research is simply too expensive to continue to exist under the
purview of the 'ndividual researcher, a single department, a single
university, or a single company.

The concept of shared research facilities is already established in
the field of physics where instrumentation at very high cost is re-
quired; for example, synchrotron light sources.

When instrumentation and facilities of such high capital and op-
erating costs are involved, there is no alternative to shared facili-
ties. There are several successful university, industry, and Govern-
ment cooperative arrangements in operations today. Under the di-
rection of Stanford University, an accelerator was constructed with
Federal funds. Usage of this instrument, while managed by Stan-
ford, is allocated on a proposal basis to industry, Government, and
other universities.

Industry has contributed significant resources to improve the ca-
pabilities of this facility. For example, in partnership with the
Lawrence Berkeley Laboratory and Stanford, we at Exxon have ex-
panded the facility to include the world's most powerful x-ray
source which is used for materials science research. A similar col-
laboration which we are involved in exists at Brookhaven Labora-
tory on Long Island where the National Synchrotron Light Source is
managed by an advisory committee of representatives from several
universities.
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The participating, research team 'conceit enables industry as well
as university and, Government labs to contribute -funds and exper-
tise to.enhance and:upgradethe instrumentation in return for pri-
ority use..

-Collaboration, between-universities and industry in centers or
through other -vehicles Trovides.nn.opportunity to take unique ad,
vantage of the different ,characteristics of each,,,the universities on
the one side, industry on'the other.
,:f.Iniversities often have difficulty upgrading their facilities and

initiumentation. At the same time, labor costs are low at universi-
ties due- to involvement of graduate students in the research
progrfim-

In indikery, just, the Converse is true. investment in 'equipment
Presents no unusual huidlee. If it is justified, it is purchased. At
the sane time, costs are quite high in industry due to exten-
sive oVerhead.assOciated with recruiting, training, and other typi-
cally corporate 044, This suggests Collaborations in such centers
Where at the inargin equipment is supplied by industry and staff-
ing from universities.

I also believe it is time that universities and the Government
give serious consideration to:some of the management procedures
and techniques-which-have been used 'by industry to increase effi-
ciency and output. The principles have been around for a long
time:, justification, objectives set, stewardship. These principles are
just as applicable fo,:individual university -administrations as they
are to shared instrumentation facilities.

The establishment of a formal justification procedure going
beyond. initial, procurement would help insure cost efficiency and
improve return on investment not only for the procurement of
equipment, but also its maintenance, upgrading, and eventual re-
placement based on expected obsolescence rates.

Proposals to acquire equipment should be required to address
questions of continuing maintenance, training needs, safety of oper-
ating personnel, planned use, availability of existing instruments
which might do the job, and included in that analysis of alterna-
tives to the proposal.

Setting objectives for what we expect to achieve would provide
benchmarks for measuring and controlling progress. Just what is it
that we need to measure, with what accuracy, how rapidly?

In industry, such objectives are crucial to good long-range plan-
ning, and the efficient rebuilding of our research infrastructure re-
quires just such a long-range view.

The establishment of a stewardship mechanism can help insure
maximum scientific results with the resources aided. In the ab-
sence of a direct economic and competitive focus, there is a need
for a mechanism to insure accountability. In industry we hold re-
searchers accountable for their investment decisions as well as the
quality and 'productivity of their research work. While we dare not
breathe excessive ...onservatism into a research organization, an in-
telligently applied, continuing appraisal process is needed so that
we can allocate scarce funds to the most productive laboratories
and the most effective workers.

There is also a great opportunity for the Federal Gov'"--ment to
leverage its funds through collaborations with State ernments

53-277 0.- 86 - 7
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who have also,begun to recognize the importance of a h 'althy re-
search infrastructure to their economic well being.

Inany State, New Jersey,,the.Governor established a special com-
mission to eiamine ways of upgrading the State's research infra-
structure. The. commission, recuMmended the passage of a bond
issue to create four advanced technology research centers at key
New Jersey universities. Ths electorate approved the bond issue in
the November 1984 general election:

In addition- to conducting research on new techniques, these cen-
ters will share information-with other academic institutions, gov-
ernment,ndustry, and the public:-

These are suggestions meant to stimulate discussion on solutions
to this critical problem., I. haVe .expanded on them in my submitted
testiniony.

Research is becoming so capital-intensive that strong manage-
ment procedures must be used to insure that our country's techno-
logical investments yield rnaxilnuin 'return. At the same time we
must zecognize that a purely business soros& will not fit. Uni-
versities are and should be different.

I do know that in encouraging our researchers and managers to
work with universities on this issue, industry has demonstrated a
willingness to help and that this help is needed.

Thank you.
[The prepared statement of Dr. Sprow follows:]
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by
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Vice President

EXXON RESEARCH AND ENGINEERING COMPANY

May 22, 1985
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MR. CHAIRMAN AND MEMBERS OF THZ COMMITTEE:

MY NAME IS FRANK MOW, AND I AM VICE PRESIDENT,

TECHNOLOGY SUPPORT, EXXON RESEARCH AND ENGINEERING

COMPANY. MY RESPONSIBILITIES INCLUDE PROIIDING BUSINESS

AND TECHNICAL SUPPORT TO THE COMPANY'S RESEARCH AND

DEVELOPMENT ACTIVITIES. I ALSO SERVE AS A MEMBER or THE

GOVERNMENT RELATIONS COMMITTEE OF THE COUNCIL FOR CHEMICAL

RESEARCH, AND THE COMMITTEE ON SCIENCE, ENGINEERING AND

PUBLIC POLICY (COSEPP) OF THE AMERICAN ASSOCIATION FOR THE

ADVANCEMENT OF SCIENCE. BOTH OF THESE GROUPS ARE VERY

INTERESTED IN THE INSTRUMENTATION AND INFRASTRUCTURE

PROBLEMS FACING UNIVERSITY RESEARCHERS, AS WELL AS OTHER

MATTERS BEING CONSIDERED BY THE COMMITTEE.

I WELCOME THE OPPORTUNITY TO OFFER AN INDUSTRY

PERSPECTIVE TO THE MANAGEMENT OF OUR RESEARCH INFRASTRUC-

TURE. THE HEALTH OF UNIVERSITY RESEARCH AND TEACHING IS

CRITICAL TO THE U.S. INDUSTRIAL COMMUNITY FOR TWO PRIMARY

REASONS. FIRST, THE UNIVERSITY SYSTEM ?ROV=ES MWSTRE

WITH A CONTINUING STREAM OF HIGHLY TRAINE= TECHH:CAL
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PERSONNEL. "SECOND, IT PERMITS THE EXPLORATION OF IDEAS

THAT PROMISE POTENTIALLY LARGE PAYOFFS FOR THE NATION, BUT

THAT ARE AS YET TOO SPECULATIVE TO JUSTIFY SUBST.r.NTIAL

INVESTMENT BY A COMPANY SEEKING TO MAKE A PROFIT.

AMERICA'S ABILITY TO COMPETE INTERNATIONALLY IS FACING

UNPRECEDENTED CHALLENGE FROM ABROAD. MAINTAINING THE

HEALTH OF OUR RESEARCH EQUIPMENT AND FACILITIES IS

ESPECIALLY CRITICAL TO THIS COMPETITION. MOST INDUSTRIAL

RESEARCHERS AND ACADEMICS AGREE THAT THE RESEARCH INFRA-

STRUCTURE IS CURRENTLY IN A STATE OF SERIOUS DECLINE.

THE FEDERAL GOVERNMENT'S SUPPORT FOR RESEARCH

AND TEACHING LABORATORY EQUIPMENT AND FACILITIES GREW

RAPIDLY THROUGH THE SO'S AND 60'S, RESPONDING TO A PENT-UP

DEMAND FOR HIGHER EDUCATION, INCREASED ENROLLMENTS, AND AN

EXPLODING BODY OP SCIENTIFIC AND TECHNOLOGICAL KNOWLEDGE.

THE NATIONAL SCIENCE FOUNDATION (NSF), THE DEPARTMENT OF

DEFENSE (DOD), AND NATIONAL INSTITUTES OF HEALTH (NIH)

ASSUMED THE PRINCIPAL RESPONSIBILITY FOR ALLOCATING

FEDERAL FUNDS. THE PRIMARY MECHANISM USED WAS A SYSTEM OF

GRANTS-IN-AID Ts COMPETITz:ELY PEERREVIEWEE PROJECTS.

THIS RESEARCH SYSTEM WAS SUCCESSFUL IN ESTABLISH:NG THE

U.S. AS THE WORLD LEADER IN BASIC SCIENCE. WE HAVE
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ENCOURAGED INNOVATIVE NEW TECHNOLOGIES AND BUILT A

RESEARCH BASE THAT REMAINS THE STRONGEST AND MOST PRO.

DUCTZVE IN THE WORLD.

HOWEVER, SINCE 1968 FEDERAL FUNDING FOR MAIN"

PAINING OUR RESEARCH INFRASTRUCTURE HAS REMAINED ESSEN-

TIALLY FLAT IN REAL DOLLARS. THE GOVERNMENT N0 PROVIDES

ABOUT ONE -SIXTH OF THE ESTIMATED 62.0 BILLION DOLLARS

SPENT PER YEAR BY UNIVERSITIES FOR EQUIPMENT AND FACILI

TIES, AS COMPARED TO ONE -THIRD IN 1968. TO MY KNOWLEDGE,

THERE IS NOW NO PLANNED EFFORT BY NSF OR ANY MISSION

AGENCY SPECIFICALLY DESIGNED TO HELP MAINTAIN AND REBUILD

UNIVERSITY RESEARCH FACILITIES. WE HAVE INSTEAD RELIED ON

THE RESEARCH FUNDING "SYSTEM" TO SEE TO THE STRENGTH OF

OUR RESEARCH INFRASTRUCTURE. THERE HAS BEEN HO EXPLICIT

DEFINITION OF THE RESPONSIBILITY Of THE FEDERAL GOVERN

MENT. AS A CONSEQUENCE, SEVERAL SCHOOLS HAVE LOBBIED

CONGRESS DIRECTLY FOR SUPPORT, BYPASSING THE TRADITIONAL

SCIENTIFIC PEER - REVIEW SYSTEM. THESE TACTICS HAVE

RESULTED IN FUNDS FOR FACILITIES BEING INSERTED IN

CONGRESSIONAL APPROPRIATIONS BILLS. HOWEVER DISCONCERTING

THIS MAY BE TO THE RESEARCH COMMUNITY, IT HAS BEEN DRIVEN

BY REAL NEEDS AND THE INADEQUACY OF EXISTING MECHANISMS TO

MEET THEM.
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ONE COULD ARGUE AT LENGTH OVER THE SIZE Or THE

monism. FOR EXAMPLE, THE DEPARTMENT OF DEFENSE MOD) HAS

ESTIMATED THAT 51.5 to $2.0 BILLION WOULD BE REQUIRED TO

ELEVATE QUALIFIED ACADEMIC LABORATORIES TO "WORLD- CLASS"

ETATUS IN INSTRUMENTATION. WHETHER THIS IS SOMEWHAT

EXAGGERATED, UNDERESTIMATED, OR RIGHT ON THE MARK DOESN'T

REALLY MATTER. THE PROBLEM IS A MAJOR ONE.

ANOTHER INDICATION or THE EXTENT OF THE NEED IS

TO GAUGE DEMAND. FOR EXAMPLE, CONSIDER THE RESPONSE TO

THE RECENT NSF INITIATIVE TO CREATE SUPERCOMPUTING CENTERS

AT UNIVERSITIES. THE INITIAL $20 MILLION PROGRAM DREW S1

BILLION IN PROPOSALS. A FURTHER INDICATION OF NEED COMES

FROM THE RESPONSE TO A PROGRAM INITIATED BY 000. IT PRO-

VIDES $30 MILLION ANNUALLY FOR SUPPORT OF INSTRUMENTATION

IN ACADEMIC SCIENCE AND ENGINEERING. THIS PROGRAM HAS

DRAWN PROPOSALS TOTALLING NEARLY $650 MILLION.

AS SEVERE AS THE PROBLEM IS, IN MY VIEW IT COULD

WELL BE MUCH WORSE BUT FOR THE 1981 TAX ACT WHICH PROVIDES

AN INCENTIVE FOR CORPORATE DONATIONS OF RESEARCH AND

DEVELOPMENT EQUIPMENT TO UNIVERSITIES. THE FRCITS Or THIS

PROGRAM ARE OBVIOUS, MOST PARTICULARLY IN THE ELECTRONICS

2'0
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AND COMPUTING DISCIPLINES. THE COMING CONSIDERATION OF

TAX REFORM PROPOSALS SHOULD INCLUDE DISCUSSION OF THIS

IMPORTANT AREA.

AS DIFFICULT AS THE SITUATION IS FOR INSTRUMEN-

TATION,, REBUILDING CAMPUS LABORATORY FACILITIES IS PERHAPS

EVEN MORE CHALLENGING. MANY OF' US IN INDUSTRY ARE

SHOWS° WHEN WE EXPERIENCE THE CURRENT STATE or MANY UNI-

VERSITY LABORATORIES. THE NEEDS FOR MODERNIZED FACILI-

TIES ARISE FROM CHANGES IN PROGRAMS AND TECHNOLOGIES,

PHYSICAL DETERIORATION, AND COMPLIANCE WITH GOVERNMENTAL

SAFETY AND ENVIRONMENTAL REGULATIONS. A RECENT NSF SURVEY

OF PLANNED CAPITAL,EXPENDITURES AT 25 MAJOR RESEARCH

UNIVERSITIES-EXTRAPOLATED TO ALL RESEARCH UNIVERSITIES-

-ESTIMATES THAT 81.3 BILLION PER YEAR WOULD BE NEEDED TO

MEET FACILITY NEEDS. THE ESTIMATE OF FUNDS REQUIRED IS

NOT SURPRISING. MY OWN COMPANY RECENTLY COMPLETED CON-

STRUCTION CF A NEW LABORATORY IN CLINTON, NEW JERSEY, TO

PROVIDE STATE -OF- THE -ART FACILITIES FOR SEVERAL HUNDRED

SCIENTISTS. THE COST OF THIS FACILITY WAS OVER S200

MILLION, CORRESPONDING TO OVER S300 PER SCCARE FOOT OF

LAS SPACE. IN AUDITION TO MAKING THE FACIL:TY STATE-OF-

THE-ART, SAFETY AND ENVIRONMENTAL COMPLIANCE WERE CF CON-

CERN, AND ARE INCREASINGLY COSTLY.
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SOLVING THE INFRASTRUCTURE PROBLEM WILL NOT BE

EASY. SINCE THE INSTRUMENTATION AND F'CILITY HORIZON IS

CONSTANTLY MOVING, ANY SOLUTIONS DEVISED WILL HAVE TO BE

SUSTAINED ONES, NOT ONE-SHOT EFFORTS. THE POLICIES AND

INSTITUTIONS THAT WORKED IN THE PAST WILL LIKELY NOT BE

APPROPRIATE FOR THE FUTURE BECAUSE OF RAPID CHANCES IN

TECHNOLOGY, AND.INTENSE COMPETITION FOR SCARCE FEDERAL

RESOURCES.

THIS COMMITTEE HAS RECEIVED A GREAT DEAL OF

TESTIMONY RECOMMENDING APPROACHES TO PROVIDING INCREASED

SUPPORT FOR THE MAJOR PREREQUISITES-- TRAINED PERSONNEL,

STATE -OF- THE -ART` EQUIPMENT, AND MODERN FACILITIESm-NECES-

SART FOR SUCCESSFUL RESEARCH AND DEVELOPMENT. WHAT HAS

OFTEN BEEN OVERLOOKED IN THE DISCUSSION HAS BEEN THE NEED

FOR BETTER SYSTEMS FOR MANAGING, OPERATING, SHARING, AND

STEWARDING RESEARCH RESOURCES. MANAGEMENT ISSUES HAVE

LARGELY BEEN LEFT UNADDRESSED, DUE PERHAPS TO OUR HIGHLY

DECENTRALIZED SYSTEM OF UNIVERSITY RESEARCH. IT :S TIME

THAT WE ADDRESS THEM BECAUSE THERE ARE ABUNDANT OPPOR-

TUNITIES TO BOTH INCREASE RESEARCH OUTPUT AND EFFIC:ENCY,

THE FEDERAL GOVERNMENT CLEARLY HAS TO ASSUME

SOME DEGREE OF DIRECT RESPONSIBILITY, BUT IT CANNOT SOLVE
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THE PROBLEM BY ITSELF, PARTICULARLY IN AN ERA OF LIMITED

RESOURCES. THE PROBLEM CAN BE EFFECTIVELY ADDRESSED BY AN

AMALGAM OF THE BEST MANAGEMENT TECHNIQUES OF UNIVERSITIES,

INDUSTRY, AND GOVERNMENT.

OUR RESEARCH INFRASTRUCTURE CAN BENEFIT SUBSTAN-

TIALLY FROM THE APPLICATION OF MANAGEMENT PROCEDURES AND

TECHNIQUES DEVELOPED IN THE INDUSTRIAL RESEARCH SECTOR.

HOWEVER, THE USE OF THESE PROCEDURES WILL REQUIRE CONSID-

ERATION OF ALTERNATE MECHANISMS FOR ALLOCATING FEDERAL

RESEARCH FUNDS TO UNIVERSITIES AND INDIVIDUAL INVESTIGAT-

ORS. AT THE SAME TIME, WE SHOULD NOT OVER-CENTRALIZE AND

DESTROY THE AUTONOMY AND DIVERSITY NEEDED FOR GOOD RE-

SEARCH.

THE CURRENT PROJECT GRAM SYSTEM, WHICH HAS BEEN

SUCCESSFUL it DIRECTING FEDERAL FUNDS INTO HIGH-QUALITY

ASEEARCH, HAS IN SEVERAL WAYS ADVERSELY AFFECTED THE MAIN-

TENANCE OF OUR RESEARCH INFRASTRUCTURE, PARTICULARLY IN

THE AREA OF INSTRUMENTATION. THE INTENSE COMPETITION FCR

THE LIMITED FUNDS AVAILABLE HAS AFFECTED THE FUNDING ALLO-

CATION DECISIONS OF PEER REVIEW COMMITTEES, OFTEN LEADING

TO SPECIFIC DENIAL OF FUNDS REQUESTED FOR INSTRUMENTATION.
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IT HAS DISCOURAGED INVESTIGATORS FROM APPLYING FOR NEEDED

INSTRUMENTATION OR DETERRED THEM PROM UNDERTAKING RESEARCh

REQUIRING IT. IT HAS LED SOME INVESTIGATORS TO DEFER

ACQUISITION or INSTRUMENTATION IN ORDER TO USE LIMITED

FUNDS TO PRESERVE SCIENTIVIC AND SUPPORT STAFF.

AN ALTERNATE APPROACH.THAT WOULD LEND ITSELF TO

GREATER UTILISATION or BUSINESS PRINCIPLES FOR MANAGING

OUR RESEARCH RESOURCES WOULD BE THE CREATION OF A NEW SUP-

PLEMENTAL INSTITUTIONAL EgRUNENT GRANT TO ENCOURAGE THE

ESTABLISHMENT Or CENTRALI.ED FACILITIES. SUCH CENTERS

WOULD BE COLLABORATIVELY MANAGED BY THE INSTITUTIONS USING

THEM. AS ENVISIONED HERE, THEY WOULD FACILITATE THE

ACQUISITION, MAINTENANCE, AND SHARING or INSTRUMENTATION.

FLEXIBLE GUIDELINES COULD ENABLE THE AGGREGATION OF FUNDS

FOR THE PURCHASE or EXPENSIVE INSTRUMENTS. SECOND, A

REASONABLE LEVEL AND CONTINUITY OF FUNDING COULD ALLOW A

LONG-TERM COMMITMENT TO PROVIDE ADEQUATE MAINTENANCE SU.1,

PORT AND OPERATING PERSONNEL. AND THIRD, THE SCALE OF

PROGRAMS WOULD MAKE IT POSSIBLE TO PROVIDE SHARED INSTRU-

MENTATION AND MANAGEMENT IN A COST-EFFECTIVE MANNER.
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THE PRINCIPAL MOTIVATION BEHIND ESTABLISHING AND

MINDING CENTRALIZED RESEARCH FACILITIES IS AN ATTEMPT TO

SOLVE THE DILEMMA CREATED BY THE COMBINED INCREASES IN THE

NEED FOR AND COSTS OF.MODERN RESEARCH FACILITIES. AT SOME

COST THRESHOLD, IT IS CLEAR THAT CENTRALIZED RESEARCH

FACILITIES ARE NECESSARY, BECAUSE THE INFRASTRUCTURE RE-

QUIRED TO SUPPORT' RESEARCH IS SIMPLY TOO EXPENSIVE TO

CONTINUE TO EXIST UNDER THE PURVIEW OF THE INDIVIDUAL

RESEARCHER, A SINGLE DEPARTMENT, A SINGLE UNIVERSITY OR

COMPANY.

THE CONCEPT or SHARED RESEARCH FACILITIES IS

ALREADY ESTABLISHED IN THE FIELD OF PHYSICS WHERE INSTRU-

MENTATION OF VERY HIGH COST IS REQUIRED, SUCH AS SYNCHRO-

TRON LIGHT SOURCES. WHEN INSTRUMENTATION AND :AGILITIES

OF SUCH HIGH CAPITAL AND OPERATING COST ARE INVOLVED,

THERE /8 NO ALTERNATIVE TO SHARED FACILITIES. THERE ARE

SEVERAL SUCCESSFUL UNIVERSITY, INDUSTRY, AND GOVERNMENT

CO-OPERATIVE ARRANGEMENTS IN OPERATION TODAY. UNDER THE

DIRECTION OF STANFORD UNIVERSITY, AN ACCELERATOR WAS

CONSTRCCTED WITH FEDERAL FUNDS (DOE). USAGE OF THIS

INSTRUMENT, WHILE MANAGED BY STANFORD, IS ALLOCATED ON A

PROPOSAL BASIS TO INDUSTRY, GOVERNMENT AND OTHER .NIVER-

SITIES. INDUSTRY HAS CONTRIBUTED SIGNIFICANT RESOURCES TO
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IMPROVE THE CAPABILITIES OF THE FACILITY. FOR EXAMPLE, IN

PARTNERSHIP WITH LAWRENCE BERKELEY LABORATORY AND

STANFORD, WE IN EXXON HAVE EXPANDED THE FACILITY TO IN-

CLUDE. THE WORLD'S MOST POWERFUL X RAY SOURCE (FOR

MATERIALS SCIENCE). A SIMILAR COLLABORATION EXISTS AT

BROOKHAVEN LABORATORY ON LONG ISLAND, WHERE THE NATIONAL

SYNCHROTRON tIaHT SOURCE IS. MANAGED BY AN ADVISORY COM

MITTEE or WRESENTAT/VES FROM ZEVERAL UNIVERSITIES. THE

PARTICIPATING RESEARCH TEAM CONCEPT ENABLES INDUSTRY, AS

WELL AS UNIVERSITY AND GOVERNMENT' LABS, TO CONTRIBUTE

FUNDS- AND EArEetTISFF FOR ENHANCING AND UPGRADING THE

INSTRUMENTATION IN RETURN FOR 13RIORIM ,USE. OTHER

CENTRALIZED FACILITIES USED BY hY COMPANY ARE THE INTENSE

PULSED NEUTRON SOURCE AT THE ARGONNE NATIONAL LABORATORY

IN CHICAGO, THE NATIONAL CENTER FOR SMALL ANGLE SCATTERING

RESEARCH AT OAK RIDGE, TENN. AND THE NEUTRON SCATTERING

RESEARCH FACILITY AT THE UNIVERSITY OF MISSOURI. PURCHASE

OF SUCH SOPHISTICATED INSTRUMENTATION 3Y INDUSTRIAL LAB

ORATORIES CANNOT SE COST JUSTIFIED. OUR EXPERIENCE HAS

SHOWN THAT PARTICIPATION IN COOPERATIVE AGREEMENTS IS MORE

COST EFFICIENT AND WE ALSO BENEFIT FROM CONTACT WITH THE

COMMUNITY OF RESEARCHERS IN THESE CENTERS.
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COLLABORATION BETWEEN UNIVERSITIES AND INDUSTRY

IN CENTERS OR THROUGH OTHER VEHICLES PROVIDES AN OPPOR-

TUNITY TO TAKE ADVANTAGE OF THE DIFFERENT CHARACTERISTICS

OP EACH. UNIVERSITIES OFTEN HAVE DIFFICULTY UPGRADING

FACILITIES AND INSTRUMENTATION POR THE REASONS ALREADY

OUTLINED. AT*THE SAME TIME, LABOR COSTS ARE LOW DUE TO

THE INVOLVEMENT or GRADUATE STUDENTS IN THE RESEARCH PRO-

GRAMS. IN INDUSTRY1-THE CONVERSE IS TRUE. INVESTMENT IN

EQUIPMENT PRESENTS NO UNUSUAL HURDLES-IP IT IS JUSTIFIED/

IT IS PURCHASED. AT THE SAME TIME, LABOR COSTS ARE HIGH

DUE TO EXTENSIVE OVERHEADS ASSOCIATED WITH RECRUITING,

TRAINING, AND OTHER TYPICALLY "CORPORATE" COSTS. THIS

SUGGESTS COLLABORATIONS WHERE AT THE MARGIN -- EQUIP -

MENT IS DISPROPORTIONATELY SUPPLIED BY INDUSTRY AND STAFF-

ING !ROM UNIVERSITIES.

STATE GOVERNMENTS HAVE ALSO BEGUN TO RECOGNIZE

THE IMPORTANCE OP A HEALTHY RESEARCH INFRASTRUCTURE TO

THEIR ECONOMIC WELL-BEING. IN MY STATE, NEW JERSEY; THE

GOVERNOR ESTABLISHED A SPECIAL COMMISSION TO EXAMINE WAYS

OP UPGRADING THE STATE'S RESEARCH INFRASTRUCTURE. THE

COMMISSION RECOMMENDED THE PASSAGE OF A BOND ISSUE TO

CREATE FOUR ADVANCED TECHNOLOGY RESEARCH CENTERS AT KEY
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NEW JERSEY UNIVERSITIES-. THE ELECTORATE APPROVED THE BoND

LESUE IN THE NOVEMBER 1984 GENERAL ELECTION. IN ADDITION

TO CONDUCTING RESEARCH ON NEW TECHNIQUES, THESE CENTERS

WILL SHARE INFORMATION WITH OTHER ACADEMIC INSTITUTIONS,

GOVERNMENT, INDUSTRY, AND THE PUBLIC. THE KEy POINT HERE,

AS REGARDS INFRASTRUCTURE, IS THAT THESE'RESEARCH CENTERS

ARE BEING ESTABLISHED IN AREAS WHERE THERE IS CLEAR

ECONOMIC AND INDUSTRIAL NEED AND WHERE SOME RESIDENT CAPA-

BILITY ALREADY EXISTS IN THE STATE. FURTHERMORE, IT IS

REQUIRED THAT THE ACADEMIC INSTITUTION HOUSING THE CENTERS

SHARE EQUIPMENT AND FACILITIES. ALL PARTICIPANTS WERE

MADE AWARE THAT RESOURCES NEES NOT SUFFICIENT TO ALLOW FOR

DUPLICATION. INDUSTRY IS BEING WELCOMED INTO THESE

ACTIVITIES.

EVEN -WITHIN THE EXISTING FRAMEWORK OF OUR

NATIONAL LABORATORIES, THERE ARE OPPORTUNITIES FOR THE

APPLICATION Or SOME BASIC MANAGEMENT PRACTICES. SEVERAL

OF THESE PRACTICES WERE RECOMMENDED TO THE PRESIDENT AS A

RESULT OF A YEAR -LONG REVIEW or THE NATION'S FEDERAL.

LABORATORIES CONDUCTED 8Y THE WHITE HOCSE SCIENCE COUNCIL.

I ENDORSE THE SUGGESTIONS OFFERED BY THE STUDY PANEL
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CHAIRED B1 DAVID PACKARD, AIMED AT ELIMINATING OEFICIEN -

CIES THAT LIMIT BOTH THE QUALITY AND,COST EFFECTIVENESS OF

THE RESEARCH PERFORMED AT OUR FEDERAL LABORATORIES. TO

IMPROVE MANAGEMENT, THE PANEL RECOMMENDED THE ESTABLISH-

MENT-OE-AN EXTERNAL OVERSIGHT COMMITTEE, INCLUDING UNI-

VERSITY AND /NEUSTRY REPRESENTATIVES, TO EVALUATE PERFORM-

ANCE AND RESULTS. ,SECOND, THE PANEL RECOMMENDED THAT LAB

DIRECTORS Bl'HILD ACCOUNTABLE FOR THE QUALITY AND PRODUC-

TIVITY or THEIR LABORATORIES. THE THIRD RECOMMENDATION

FOR IMPRV ..G MANAGEMENT DEALT WITH REDUCING THE DEGREE OF

DETAIL.. DIRECTION EXERCISED BY PARENT AGENCIES.

THEREIS AN URGENT NEED TO IMPROVE MANAGEMENT

CAPABILITIES FOR DEVELOPING AND MAINTAINING OUR RESEARCH

INFRASTRUCTURE. WITH THE ESTABLISHMENT OF NEW SHARED

RESEARCH CENTERS AND THE FUNDING MECHANISMS TO SUPPORT

THEM, THERE ARE SEVERAL ADDITIONAL APPROACHES THAT COULD

BE CONSIDERED FOR MANAGING FEDERAL AND UNIVERSITY INSTRU-

MENTS AND FACILITIES. AT THE RISK OF SOUNDING LIKE A

MANAGEMENT TEXTBOOK! THE PRINCIPLES HAVE BEEN AROUND FOR A

LONG TIME: JUSTIFICATION, OBJECTIVE SETTING, AND STEWARD-

SHIP. INCIDENTALLY, THESE PRINCIPLES ARE APPLICABLE TO

INDIVIDUAL UNIVERSITY ADMINISTRATIONS AS WELL AS TO SHARED
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INSTRUMENTATION FACILITIES. THE ISSUE IS'HOW TO CREATE AN

INCEaTIVE FOR UNIVERSITIES TO APPLY THESE MANAGERIAL

TOOLS.

IN ANY CASE, THE ESTABLISHMENT 'OF A FORMAL

JUSTIFICATION PROCEDURE GOING BEYOND INITIAL PROCUREMENT

WOULD HELP ENSURE COST EFFICIENCY AND IMPROVE RETURN ON

INVESTMENT NOT ONLY ,FOR THE PROCUREMENT OF EQUIPMENT, BUT

ALSO ITS MAINTENANCE, UPGRADING, AND EVENTUAL REPLACEMENT

BASED ON .EXPECTED OBSOLESCENCE RATES. PROPOSALS TO

ACQUIRE EQUIPMENT'SHOULD BE REQUIRED TO ADDRESS QUESTIONS

OF CONTINUING MAINTENANCE, TRAINING AND SAFETY FOR OPERAT-

ING PERSONNEL, PLANNED USE, AVAILABILITY OF EXISTING

INSTRUMENTS, AND INCLUDE AN ANALYSIS OF ALTERNATIVES.

SETTING OBJECTIVES FOR WHAT'NE EXPECT TO ACHIEVE

WOULD PROVIDEBENCNNASES FOR MEASURING AND CONTROLLING

PROGRESS. JaT WHAT DO WE NEED TO MEASURE? WITH WHAT

ACCURACY? HOW RAPIDLY? IN INDUSTRY, OBJECTIVES ARE

CRUCIAL TO GOOD LONG RANGE PLANNING, AND THE EFFICIENT

REBUILDING OF OUR RESEARCH INFRASTRUCTURE REQUIRES JUST

SUCH A LONG-RANGE VIEW.
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THE ESTABLISHMENT OF A STEWARDSHIP MECHANISM CAN

HELP ENSURE MAXIMUM SCIENTIFIC RESULTS FOR THE RESOURCES

EXPENDED. IN THE ABSENCE OF A -DIRECT ECONOMIC AND COM-

. PETITIVE FOCUS, THERE IS NEED FOR A MECHANISM TO ENSURE

ACCOCNTABILIT. IN INDUSTRY, WE HOLD RESEARCHERS ACCOUNT-

ABLE FOR THEIR INVESTMENT DECISIONS, AS HELL AS THE QUALI-

TY AND-PRODUCTIVITY OF THEIR WORK. WHILE WE DARE HOT

BREED EXCESSIVE CONSERVATISM IN A RESEARCH ORGANIZATION,

AN INTELLIGENTLY APPLIED CONTINUING APPRAISAL PROCESS IS

NEEDED TO ALLOCATE FUNDS TO THE MOST PRODUCTIVE LABORA-

TORIES AND WORKERS.

LET ME MAKE TWO ADDITIONAL POINTS. FEDERAL AND

STATE GOVERNMENTS DO NOT NEED TO BEAR THE FULL BURDEN OF

MODERNIZING INSTRUMENTS AND FACILITIES AT THE UNIVERSI-

TIES. ALTERNATIVE METHODS OF FUNDING SHOULD BE EXPLORED.

ONE SUCH ALTERNATIVE, DEBT FINANCING, HAS BEEN USED SUC-

CESSFULLY FOR MORE THAN 10 YEARS AT COLORADO STATE UNI-

VERSITY.

SECOND, THE USE OF ELECTRONIC NETWORKS TC GATHER

AND COMMUNICATE INFORMATION AMONG RESEARCHERS IN A FIELD

COULD HAVE A GUBSTANTIAL IMPACT ON THE EFFICIENT USE OF
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EXAMPLE, A NATIONAL ELECTRONIC INVENTORY OF AVAILABLE

INSTRUMENTS (POSSIBLY INCLUDING SOME INDUSTRIAL EQUIPMENT)

MIGHT GO A LONG WAY TO REDUCE DUPLICATION AND MAXIMIZE

USAGE. FURTHER, SUCH A SYSTEM COULD HELP FACILITATE AN

ASSESSMENT OF THE MAGNITUDE OF EQUIPMENT AND FACILITIES

NEEDS.

THESE ARE SUGGESTIONS MEANT TO STIMULATE DIS-

CUSSION ON SOLUTIONS TO THE INFRASTRUCTURE ?ROBLEM. I

HOPE I HAVE IDENTIFIED SOME PRACTICES ROUTINELY USED BY

INDUSTRY THAT CAN BE ADAPTED FOR REBUILDING OUR RESEARCH

INFRASTRUCTURE. RESEARCH IS BECOMING SO CAPITAL-INTENSIVE

THAT THE USE OP PROVEN BUSINESS PROCEDURES AND TECHNIQUES

MUST BE USED TO ENSURE THAT OUR INVESTMENTS YIELD MAXIMUM

SCIENTIFIC AND TECHNOLOGICAL RETURN. AT THE SAME TIME, WE

MUST RECOGNIZE THAT INDUSTRIAL AND UNIVERSITY RESEARCH ARE

NOT AND SHOULD NOT BE THE SAME. I DO KNOW THAT IN

ENCOURAGING OUR RESEARCHERS AND MANAGERS TO WORK WITH

UNIVERSITIES ON THIS ISSUE, INDUSTRY HAS DEMONSTRATED A

WILLINGNESS TO HELP -- AND THAT THIS HEL? IS NEEDED.
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Mr. FUQUA. Thank you very much, Dr. Sprow.
We are now very pleased to welcome back Dr. Donald Langen-

berg. He has been here many times before. He is currently the
chancellor of the University ofillinois at Chicago.

STATEMENT OF DR. DONALD N. LANGENBERG, CHANCELLOR,
UNIVERSITY OF ILLINOIS AT CHICAGO, CHICAGO, IL

Dr. LANGENBERG. Thank you, Mr. Chairman.
Let me saythat it is a pleasure to be here before you again.
I am here ;today on behalf of five higher education associations:

The Association of American Universities, the National Association
of State Universities and Land-Grant Colleges, the American Coun-
cil on Education, the Association of Graduate Schools, and the
Council of Graduate Schools in the United States. As this commit-
tee is well aware, universities comprising the membership of these
associations perform most of the academic research supported by
the National Science Foundation and by the mission agencies of
the Federal Government.

Mt. Chairinen, I would like to begin by congratulating you on
behalf of those associations, you and your panel, for undertaking
this timely and thorough -eview, of our science policy and for in-
cluding in youi work are examination of the longer term capital
needs of research .universities. We welcome this opportunity to dis-
cuss with yOu the universities' research facilities, capital deficit,
and to offer, our suggestions on how we ought to meet our future
requirements..

In the interest of time, I ani going to summarize my remarks, so
that we might have some more time for questions.

When the National Science Foundation was established in 1950,
a concern for the research capital base became an early mission of
the Foundation. Beginning In 1959, the Foundation joined with the
National Institutes of Health, the U.S. Office of Education, NASA,
the Department, of Defense, and other agencies in establishing re-
search incilitiei programs designed to expand and strengthen the
Nation's research capicity. NSF and NIH led the way, but the Mis-
sion agencies, especially DOD and NASA, also played essential
roles.

On the NSF side, there was established the Graduate Science Fa-
cilities Program. Between fiscal 1960 and fiscal 1970, the Founda-
tion provided just under 1,000 grants totaling $188 million to assist
in the construction of laboratories and the acquisition of equip-
ment. As we face our present budget constraints, it is important to
remember that the Foundation did not pay the entire cost of the
facilities it helped to fund. Matching funds were required. In fact,
the Foundation's contributions had a very impressive leveraging
effect. The total value of the facilities and equipment acquired with
NSF ass4stance was about $500 million, and that is better than a
2-to-1 leverage.,

According to NSF, over the period 1957 to 1970, Federal grant
funds for graduate science facilities totaled about three-quarters of
a billion dollars. National investments from all these sources were
surely several times that. Then in,1970 all Federal funding for this
purpose ceased. Federal leadership receded. The linkage between
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federally-funded research programs and the Federal contribution to
the capital facilities nocAssary to sustain them was broken. We re-
versed our commitment :to stimulating capital investments in uni-
versity researchlacilities, and our present problems began to grow.

The topic of your hearing is infrastructure. Yesterday, Dr. Dale
Corson,, n his testimony before this committee, defined the term
infrastructure to include the= people, the facilities, the equipment,
the research libraries, and the °institutional arrangements required
to do effective research. Dr. Corson is, as usrsl, correct. The term
"infrastructure" includeemuch more than the res.-arch facilities
which, however, are the focus of my,remarks today.

Even the term "research facilities" requires some definition. The
Committee on Science, Engineering, and Public Policy of the Na-
tional Academ3r. of Sciences has just published the fourth edition of
the report required by the National Science and Technology Policy
Organization Priorities Act of 1976. It is titled. 2 he Out,,,00k for
Science and Technology, 1985.

That report helpfully distinguishes among four closer: of re
search facilities: national facilities like the Fermi National Acceler-
ator Laboratory in Illinois; university-based research facilities a
new or renovated chemistry or eligineering building would be an
example: regional research facilitiesfor example, the Triangle
Universities Nuclear Laboratory in North Carolina; and technology
centersas .an example there, the Basic Industry Research Insti-
tute at Northwestern University.

All of these facilities are typically located at or in some associa-
tion with a university or group of universities. There are important
resource and policy questions surrounding each one of those class-
es. I would like to limit my remarks, however, to just one of then c
the need to modernize,muversity campus-based research facilities
that are home to the Nation's competitive scientific and engineer-
ing research programs.

Now a few words about the dimensions of the problem: the prob-
lem, in its essentials, is quickly stated. Many of the Nation's lead-
ing universities are, hampered

quickly
substantial and growing invento-

ries of obsolete laboratories. Present estimates of the capital deficit
are inadequate and they vary rather widely. We are pleased, there
fore, incidentally, that this committee addressed the need for better
information and analysis of the problem by including in the FY
1985 NSF Authorization Abt new authority for NSF to develop a
permanent analytical capability in this area. We hope the Founda-
tion will proceed rapidly to develop this essential data base,

Now although we don't know the dimensions of the problem with
any precision, there are estimates that can give us a. general idea
of its magnitude. There are some present estimates that say that
one-half of the physical plant of all universities and colleges is
more than 25 years old, and that one-quarter of it was built prior
to World War II. In 1981, the AAU reported that universities were
able to meet only about half of their accumulating needs to re-
place, modernize, and.renovate their research laboratories.

Our experience at the University of Illinois confirms these earli-
er findings. We have just completed an audit of the condition of all
university buildings excluding student auxiliary buildingshous-
ing, unionsand also excluding our powerplants. We are talking

2'4
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about academic and administrative space. The audited buildings
university-wide number more than 280 and they house nearly 10
million net assignable square feet, and they have an estimated re-
placement value exceeding $2 billion. Fifty-six percent of the build-
ings on the Urbana campus and 44 percent of the total on both
campuses are over 50 years old. The total cost to renovate the
better buildings and replace the ,,,worst is estimated at just under
$600-million;, that is .to say, nearly 30 percent of the total replace-
ment costs. A considerable portion. of these facilities is research fa-
cilities. In summary,. the University of Illinois has an immediate
research facilities deficit conservativCiy estimated to be several
hundred million dollars. Furthermore, these estimates do not in-
clude, the projected requirements of new research programs. This
building condition audit was carried out in terms of continuing use
of these buildings for their present purposes. It does not include
the estimated cost of their adaptation to those special needs of new
kinds of research programs.

The Department of Defense has recently published a report that
I believe confirms that these audit results are not peculiar to the
University of Illinois. On April 29, the DOD, in response to an 1984
request by the House Committee on Armed Services, published a
report entitled, Selected University Laboratory Needs in Support of
National Security. I understand that copies of that report have been
provided to the committee. Significantly, this report does not present
information gathered from the university. Instead, it gives the DOD
perspective, m particular, a research program officer in the DOD
research support arm. We understand that only a small fraction of
the top 100 research universities were included in each review, and,
unlike our audit at the University of Illinois, which was university-
wide across all fields, the DOD estimates are confined to the needs of
relatively few institutions in just five disciplines which were judged
essential to the Department's mission: chemistry, electronics, engi-
neering, materials, and physics.

The services estimate that these key universities have priority
needs for equipment and facilities in just these five fields of almost
$700 million. The report recommends that the Department of De-
fense establish a 5-year, $300 million laboratory modernization pro-
gram and that other Federal agencies join DOD in a Government-
wide effort.

We are= pleased to see that the House Committee on Armed Serv-
ices already is responding to the DOD's concerns. Last week the
committee increased from $25 to $200 million the funding request-
ed by the President for a new program named the "University Re-
search Initiative."

We hope that the members of the Committee on Science and
Technology will join with the House Committee on Armed Services
in securing an appropriation for this potentially important initia-
tive at the full authorized level.

A satisfactory solution to this .problem lies beyond the capacity of
almost all institutions. There is required, we believe, a broader
effort that must come from a well-conceived and ell-coordinated
national program, led by the Federal Government and again work-
ing through its six major research agencies: DOD, DOE, NASA,
NIH, NSF, and USDA.
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We believe there are several basic principles that ought to guide
the development of a Government-wide reinvestment initiative. Let
me underline the word. "reinvestment." The bit of historical back-
ground that I gave suggested that there was a period when the
Federal Government was investing heavily in the capital infra-
structure .nor research in the Nation's universities. Any renewed
program could be characterized as a reinvestment.

Among those are the following principles: university research
and training programs supported by Federal agencies are essential
to our security, our health, our economy, and our general well
being.

Research and education programs of many universities and col-
leges are hampered by inadequate research facilities and equip-
ment, and these institutions lack the ability to replace or modern-
ize their facilities without the assistance of the Federal research
agencies.

The capital deficit of universities is threatening the Nation's
competitive position in sci9nce, engineering, and technology; thus,
placing at risk our future national security, our health, and our
standing in the international marketplace.

A national program to secure the necessary reinvestment in the
capital base at universities is needed. Federal agencies, States, in-
dustry, and others all must participate because the Nation's needs
exceed the capacity of any one sector to address them alone.

The Federal research agencies must rebuild the linkages between
their research programs and the capital base by making capital in-
vestments in those academic fields and institutions that are essen-
tial to each agency's mission.

Facilities modernization programs ought to be established and
developed an integral parts of each agency's research program.

Proceeding from these guiding principles, we suggest that a suc-
cessful facilities reinvestment program will have at least the fol-
lowing characteristics:

It will provide for a sustained commitment for a period of at
least 8 to 10 years.

Each Federal dollar invested will be matched, thereby at least
doubling the leverage of each tax dollar.

Awards will be made competitively among qualified institutions
with primary but not necessarily sole emphasis given to the scien-
tific and technical quality of the research and training to be pro-
vided. State and local considerations will also be taken into ac-
count.

Finally, smaller, developing research universities and research-
oriented colleges will be guaranteed an opportunity to compete for
funds among comparable institutions, so as to provide them a rea-
sonable chance of success.

Mr. Chairman, we believe that we can no longer defer our recom-
mitment to the research enterprise and that we can no longer
afford to turn our backs on the eroding foundations of our universi-
ties. Difficult choices lie ahead, only because these are unusually
difficult times.

Some of our choices no doubt will require us to defer certain pri-
orities in order to get on with the necessary rebuilding effort.
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Introduction

Mr. Chairman and members of the Science Policy Task Force, my

name is Donald Lengenberg and I am Chancellor of the University

of Illinois at Chicago. Before assuming my present responsibili-

ties, I had the honor of serving for two and a half years as

Deputy Director of the rational Science Foundation. I am pleased

to appear before you today on behalf of five higher education

associations: the Association of American Universities, the

National Association of State Universities and Land-Grant Col-

leges, the American Council,on Education, the Association of

Graduate Schools and the Council of Graduate Schools in the

United States. As this Lommittee is well aware, the universities

comprising the membership of these associations perform most of

the academic research supported by the National Science Founda-

tion and by the mission agencies of the federal government.

Mr...Chairman, we congratulate you and the Panel for undertaking

this timely and thorough review of our science policy, and for

including in your work an examination of the longer term capital

needs of research universities. We welcome this opportunity to

discuss with you the universities' research facilities capita'

deficit, and to offer our suggestions on how we ought to mebt our

future requirements.

21 9
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Backgrcume

About forty years ago, inspired by Dr. Vannevar Bush and using

the lessons learned during World War II, we charted a new course

for our research universities in the nation's life. We saw these

institutions in ^ hew perdPective, and we chose to nurture their

unique research and training capabilitiei. We committed the

resources necessary to enhance our research base and to have

universities play central and indispensable roles in the nation's

longterm research and training effort. With the benefit of

hindsight, moat now recoghime the wisdom of those decisions. But

it is good to remember that they were farsighted and courageous

decisions in their time.

The National Science Poundation was created through a lengthy and

contentious process. Many leaders of science and government

differed over the appropriate role of the federal government in

academic science. Some were concerned that a National"Science

Poundation might interfere with, rather than nurture, the free

conduct of science. But, after several years of effort, the

necessary accommodations were achieved, and, to the nation's

benefit,' the NSP was established in 1950.

A concern for the'research capital base became an early mission

of the Foundation. Beginning in 1959 the Poundation joined with

the National Institutes of Health, the United States Office of

Education, NASA, the Department of Derense and other agencies in

2 2 0



214

establishing research facilities programs designed to expand and

strengthen the nation's research capacity. NSF and NIB led the

way, but the mission agencies, especially DOD and NASA, also

played essential roles.

NSF established the Graduate Science Facilities Program. Between

Fiscal Year 1960 and Fiscal Year 1970 the Foundation provided 977

grants totaling $188 million to assist in the construction of

laboratories and the acquisition of equipment. As we face our

present budget constraints, it is important to re.lember twat the

Foundation did not pay the entire cost of the facilities it

helped to fund. Hatching funds were required. In fact, the

Foundation's contributions had a very impressive leveraging ef-

fect. The total value of the facilities and equipment acquired

with NSF assistance was about $500 million, better than a two-to-

one leverage. The programs and funding mechanisms of the agen-

cies varied, but the policy objectives we!. the same--ail of the

agencies sought to strengthen the universities' research and

graduate training capabilities.

According to the NSF, federal grant funds for graduate science

facilities for fiscal years 1957-1970 totaled about $3/4 billion.

National investments from all sources surely were several times

that. Then, in 1970-, all federal funding ceased. Federal lead-

ership receded. The linkage between federally funded research

programs and the federal contribution to the capital facilities

necessary to sustain them was broken. We reversed our commitment
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to stimulating capital investments in university research facili-

tias, and our present problems began to grow.

The fruits of those original decisions confirm their wisdom. The

nation can take legitimate pride in the extraordinary accomplish-

ments of the past four decades. There is no need to recount the

history for this Committee. You provided indispensable leader-

ship for this historic effort. It is sufficient to note how

those policy choices have transformed our health, our economy,

our educational system and our national security. As we look

ahead, we can glimpse our ruture as we contemplate the implica-



216

tions of revolutionary developments in such promising fields as

biotechnology, advanced materials, microelectronics, and super-

computers. The question before us is whether we remain today

sufficiently wi3e, and courageous, to make the inescapable and

difficult choices before us.

The Meaning of Infrantrneture

The term infrastructure, though widely used to characterize our

concerns, is an imprecise guide to discussions of the problem and

policy choices. Yesterday Dr. Dale R. Corson, in his testimony

before the Committee, defined the term infrastructure to include

the people, the facilities, the equipment, the research libraries

and the institutional arrangements required to do effective re-

search. He is correct. The term includes much more than the

:eiearch facilities which are the focus of my remarks.

The term research facilities itselt requires definition. The

Committee on Science, Eng :leering, and Public Policy of the

National Academy of Sciences has dust published the fourth edi-

tion of the report required by the National Science and Techno-

logy Policy, Organization and Priorities Act of 1976 titled The

Outlook for Science and Technology 1985." The report helpfully

di'stinguishes among four classes of research facilities:

1. national facilities, intended to serve a national,

often international, research community. The report

223.
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cites the Fermi National Accelerator Laboratory in

Illinois as an example of such a facility.

2. university-based research facilities; a new or reno-

vated. chemistry or engineering building is an example.

3. regional research facilities usually based at a univer-

sity: the report cites the Triangle Universities

Nuclear laboratory in Durham, North Carolina, as one

example.

4. technology centers; these are usually located at or

affiliated with universities and are tied to local or

regional economies--for example, the Basic Industry

Research Institute at Northwestern University.

Important resource and policy questions'surround each of these

four classes of facilities. I will limit my remarks, however, to

just one of them: the need to modernize university, campus-based

research facilities that are home to the nation's competitive

scientific and engineering research programs.

The Dimenaionn of the Problem

The problem, in its essentials, is quickly stated. Many of the

nation's leading universities are hampered by substantial and

growing inventories of obsolete laboratories. In a real sense we
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have allowed the capital base of our research enterprise to

become a wasting asset. For many years, as we stimulated invest-

ment in research with striking success, we simultaneously forced

our institutions to consume their capital assets. When we

abruptly stopped investing in the capital base for our national

research programs, we effectively mortgaged our future, and that

mortgage has now come due in institutions and states across the

'country.

The consequences are ominous for the researchers and students who

must work in inadequate buildings with obsolete equipment. Rich

opportunities to-exploit new fields are being lost, many of the

most promising research questions are not being addressed, exces-

sive time is being consumed by the maintenance and repair of

outdated instruments.and support equipment--often'because labora-

tories lack the necessary technical support personnel, interac-

tions between academic and industrial researchers are being im-

poverished, commercially available, devices for making advanced

measurements are not being,applied to research questions and the

quality of training provided to advanced undergraduate and

graduate students is being compromised.

These conditions erode faculty morale at a steady pace, and they

make careers in Industrial and national laboratories increasingly

attractive for oun brightest students. Prospective graduate

students, especially highly talented U.S. citizens, now fre-

quently opt to pursue alternative careers rather than work in
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inferior university environments. Half of the Ph.D. degrees

awarded by our engineering schools now go to foreign nationals,

many of whom return to their own countries. Our ability to

attract and retain highly qualified minorities and women also is

being steadily reduced.

Obsolete research equipment is one important aspect of tne broad-

er problem now widely recognized by federal and state government,

by industry and, of course, by the universities themselves. Some

important steps already have been taken by federal agencies,

especially by NSF and DOD. But anyone who looks carefully at the

equipment problem will quickly see that these efforts are only a

beginning.

For example, a recent NSF survey of 43 universities tound that 25

percent of equipment now in use is obsolete; only 16 percent is

state of the art; bait of it is at least six years old. More

than 90 percent of the department heads responding reported that

important subject areas" of research could not be performed in

their laboratories because they lack the necessary instrumenta-

tion. Almost half of them rated their equipment as insuffi-

cient, only 8 percent said their equipment is excellent.

These findings are based on a survey of 22,300 items inventoried

in three key fields: computer science; physical science and

engineering. They ought to interest any who are concerned about

our ability to develop new technologies, to create advanced

226
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manufacturing processes and to shorten the time necessary to

transfer findings from the laboratory to new applications.

Beyond the instrumentation problem lies the ill-defined but lar-

ger, and certainly more difficult, problem of replacing and

modernizing the research buildings which house our researchers,

their students and their research instruments. Presen, estimates

of the capital deficit are inadequate, and they vary widely. We

are pleased, therefore, that this committee addressed the need

for better information and analyses of the problem by including

in the FY 1985 NSF Authorization new authority for NSF to develop

a permanent analytical capability in this area. We hope the

Foundation will proceed rapidly to develop this essential data

base.

Some present estimates are that one-half of the physical plant of

all universities and colleges is more than twenty-five years old;

one-quarter of it was built prior to World War II. A 1980 report

by the Association of American Universities found that the median

age of research instruments in university laboratories surveyed

was twice that of commercial laboratories. In 1981 the AAU

reported that universities were able to meet only about half of

their accumulating needs to replace, modernize and renovate their

research laboratories.

Our experience at the University of Illinois confirms these

earlier findings. We have just completed an audit of the condi-
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tion of all university buildings, except student auxiliary build-

ings and our power plants. The audited buildings number more

than 280, house nearly 10 million assignable square feet and have

an estimated replacement value exceeding $2 billion. Fifty-six

percent of the buildings on the Urbana campvz and 44 percent of

the total on both campuses are over 50 years old. The total cost

to renovate the better buildings and to replace the worst is

estimated at just under $600 million; i.e., nearly 30 percent of

the total replacement cost. A considerable portion of these

facilities are research facilities. In summary, the University

of Illinois has an immediate research fac,Uxies deficit conser-

vatively estimated to be several hundred million dollars. And

these estimates do not include the projected requirements of new

research programs. Furthermore, this building condition audit

was carried out in terms of continuing use of these buildings for

their present purposes; it does not include estimated costs of

their adaptation to the special needs of new kinds of research

programs.

A report dust published by the Department of Defense confirms

that our audit results are not peculiar to the University of

Illinois. On April 29 the DOD, in response to a 1984 request by

the House Committee on Armed Services, published a report titled,

'Selected University Laboratory Needs in Support of National

Security." I understand that copies of the report. have been

provided to the Committee.
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This new report increases our understanding of the research

capital deficit. Significantly it does not present information

gathered from the universities. Instead it gives the DOD per-

spective of the problem. It provides estimates prepared by

research program officers of the Office of Naval Research (ONR),

the Army Research Office (ARO), the Air Force Office of Scienti-

fic Research (AFOSR) and the Defense Advanced Research Projects

Agency (DARPA). The Division Directors of the Services assessed

the priority research laboratory needs of the key universities in

which they fund research. (We understand that only a small

fraction of the top 1k0 research universities were included in

each review.) Unlike the Illinois audit, which was university-

wide across all fields, the DOD estimates are confined to the

needs of relatively few institutions in just five disciplines

essential to the Department's mission: chemistry, electronics,

engineering, materials and physics.

The following table, 'IV-1 Summary of Selected Laboratory Needs

of Major University Performers of Defense Research," presents the

results of the study. The Services estimate that the key univer-

sities have priority needs for equipment and facilities in these

five fields of almost $700 million. The report recommends that

the Department of Defense establish a five-year $300 million

laboratory modernization program, and that other federal agencies

join DOD in a governmentwiae effort.

Data prepared by the National Science Foundation help to place
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the DOD findings in context. Spending by universities on R&D

facilities and equipment, currently about $1 billion per year,

has been relatively flat since 1968 in current dollars, and in

constant dollars, declined some 60 percent during 1966-81. The

federal share of the total facilities effort, meanwhile, declined

from 32 percent in 1966-68 to 16 percent in 1981. In constant

dollars federal obligations for academic Rio plant decreased by

90 percent between 1966 and 1983. (See the tollowing figure.)

Clearly a competitive industry would not so effectively decouple

investment in its capital base from its long-term objectives.
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We ate pleased to see that the House Committee on Armed Services
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already is responding to the DOD's concerns. Last week the

Committee increased from $25 million to $200 million the funding

requested by the President for a new program named the University

Research Initiative (URI). Through this program the DOD intends

to strengthen its investment both in people and in the capital

base. Graduate fellowships, faculty develcpment programs, re-

search instrumentation and facilities programs are proposed. In

its report the Committee addressed the seriousness of the pro-

blem. The Committee's statement is attached to my testimony

(Attachment A). He hope that the members of the Committee on

Science and Technology will join with the House Committee on

Armed Services in securing an awropriation for this potentially

important initiative at the full authorized level.

A Suggrotred Aiwa/1ft

In the absence of a cohesive national effort, universities are

attempting to address the capital deficit by a variety of means.

Debt is mounting in many institutions as they borrow funds, use

available bonding authorities, leverage available funds with

other private and state funds, and cost-share with other institu-

tions. Certainly the creative energies of universities must be

tapped to their capacity. I believe most already are stretching

their imaginations and resources to the prudent limit, and

sometimes beyond.

A satiofactory solution lies beyond the capacity of almost all
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institutions. That broader effort must come from a well-con-

ceived, wall- coordinated national program led by the federal

government, again working through its six major research agen-

des: Department of Defense, Department of Energy, National

Leronautics and Space Administration, National Institutes of

Health. National Science Foundation, and United States Department

of Agriculture.

We believe that several basic principles ought to guide the

development of a governmentwide reinvestment initiative. Among

these are the following:

University research and training programs supported by

federal agencies are essential to our security, our

health, our economy and our general well-being.

The research and education programs of many universi-

ties and colleges are hampered by inadequate research

facilities and equipment, and these institutions lack

the ability to replace or modernize their facilities

without, the assistance of the federal research

agencies.

The capital deficit of universities is threatening the

nation's competitive position in science, engineering

and technology, thus placing at risk our future nation-

al security, our health, and out standing in the

233
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international marketplace.

A national program to secure the necessary reinvest-

ments in the capital base of universities is needed;

federal agencies, states, industry and others all must

participate becaLiie the nation's needs exceed the capa-

city of any one sector to address them alone.

The federal research agencies must rebuild the linkages

between their research progr.-1:Ls and the capital base by

making capital investments in those academic fields and

institutions that are essential to each agency's mis-

sion; facilities modernization programs ought to be

established and developed as integral parts of each

agency's research program.

Proceeding from these guiding principles, we suggest that a

successful facilities reinvestment program will have at least the

following characteristics:

it will provide for a sustained commitment for a period

of at least eight to ten years;

each federal dollar invested will be matched, thereby

at least doubling the leverage of each tax dollar;

awards will be mace competitively among qualified in-
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stitutions with primary but not necessary sole, empha-

sis given to the scientific and technical quality of

the research and training to be provided; state and

local considerations also will be taken into account;

and

smaller, developing research universities and research-

oriented colleges will be guaranteea an opportunity to

compete for funds among comparable institutions so as

to provide them a reasonable chance of success.

Mr. Chairman, we believe that we no longer can defer our recom-

mitment to the research enterprise. We can no longer afford to

turn our backs on the eroding foundations of our universities.

Difficult choices 1*.e ahead only because these are unusually

difficult times. Some of our choices no doubt will require us to

defer certain priorities in order to get on with the necessary

rebuilding effort. Saying no is never easy, but it is absolutely

essential that we begin that priority-setting process.

Thank you for the opportunity to share these thoughts with you.

I will be pleased to respond to your questions.
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PANEL DISCUSSION

Mr. FUQUA. Thank you very much.
Let me thank all of you, and particularly, Dr. Langenberg, for

the comment about the -University Research Initiative that the
Arined ,Services Cominittee has put forth. We have not had a
chinea to 'discUsathat with them and I an very pleased to see the
fOrward-looking attitude they haVe taken in this area and with con-
siderable increase over what hid been recommended by the Presi-
dent.

You can rest aiatiredi of ray personal support when that comes to
the floor for authorization as well as the appropriations process. I
tbinli it is vary important te- support,that program.

Di. Hensley, sin, ymir opinion the growth in the number and the
cost of reiearch support personnelI think you included about one-
feurtlireSearch and about:three-fourths support personnelis that
'attributed:to the grOWth of government regulation and so forth?

Dr. HENSLEY. A portion would be, the accounting portion, but
very small. It is really the changing science structure that is
changing on the .universities.

Mr. FUQUA. The management' of the research, and support per-
sonnel is principally a matter for the universities to manage them-
selves.

Dr. HENSLEY. That is correct.
Mr. FUQUA. Is there anything that the Federal Government can

do to try to reduce that escalating cost of research infrastructure?
Dr. HENSLEY. I don't think it is reducible. I think it is going to

continue to.grow.
The accounting procedures and management procedures that are

currently in the universities are in need of a reassessment by insti-
tutions themselves. Some place along the way a system of prioriti-
zation, what they will do, and a way of looking at where they are
spending. their money has to occur. Academics will have to resist
this, the same .way they have resisted time and effort reporting. It
is very difficult to get a handle-on exactly where money is going in
university research unless you do it on a project-by-project basis.
The infrastructure as a whole is not costed out to a project.

Infrastructure is supported at a departmental level usually or a
central facilities level without a system of chargebacks unless it is
for computers, so it becomes very difficult as an accountant to look
at it and find out where the money is going specifically. University
academics want the support but they also do not walic to make the
effort as far as paperwork is concerned to give you some kind of
audit trail back to where those facilities are supporting a particu-
lar project or a particular piece of research.

Mr. FUQUA. What impact would it have for changing the ac-
counting procedures, particularly depreciation or amortization of
eqUipment and buildings as suggested to us yesterday by one of the
witnesses?

Dr. HENSLEY. I think it would have
Mr. FUQUA. Some 50 years to 25 years more realistically.
Dr. HENsm. I think that would help. Again, in supporting sci-

ence and research that we will need it would mean changing our
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models within our institutions about how we will do this. However,
it 'would-be a step forward as far as I am concerned.

Dr. Langenberg may have a different opinion.
Dr. LANGENBERG. I think it would be a helpful recognition of the

realities of lifetimes of research laboratories and research instru-
mentation. I do not think it provides the solution to our present
problem.

Mr. .FUQUA. Mr. Smith, you mentioned in the report you had pri-
vate Support. HOW much of that is going for basic research versus
general education? ,Do you haiie abreakdown of that?

Mr. SATH. No, Mr. Chairman, we do not have a breakdown fol-
lowing that partiCular line; 15 percent is what we show the institu-
tions reporting to us as support for research. That is the only clue
we have here..

The general categories that are recognized by both the account-
ing people and fiind-raising 'people with whom we have contact cor-
respond to those various purposes we show.

Mr. FUQUA. What I em trying to get at is this: you indicated a
number of and the amount of money they raise pri-..ately,
from corporations, nonalumni, et cetera. Of course, I have been in-
vobied in that 'business somewhat, too, being an alumnus, of a
school and serving on the foundation. Some of that goes for schol-
arships that may not be in basic research but other areas. Not all
of it is in what we Call basic research. It may go into other func-
tions. Some of it also may go to support eminent scholars, Chairs,
and so on. I wondered Whether there were some kind of breakdown
as to how much was going in each direction or whether those fig-
ures were available. I aiii not sure they are.

Mr. Slain. They are not available quite that form. We do
knOW about '70 percent of all the funds received by all colleges des-
ignated 'by a variety of things would be a general designation
used bY the college for student aid, any kind of student aid, gradu-
ate, undergraduate, minorities, it can be used for those students
who hai.re particular 'financial needs, or a recognition for scholastic
excellence. It can be used in any way they want. Other funds can
be use for endowed Chairs. Some funds go directly to academic det
partments,

Mr. Tuqu,A. That is right.
Mr. &wk. They may be restricted as far as the university is

concerned to the chemistry department, engineering school, medi-
cal school,,but unrestricted by the dean of _that school. Undoubted-
ly, some of those funds that are likely funds designated for capital
purposes ultimately wind 'up used for research or research infra-
structure. There is no way to trace it down because these are not
clear-cut categories.

Mr. FUQUA. Dr. Sprow, you mentioned four or five things univer-
sities do in teachingnew knowledge, and so on.

Dr. SPROW. Correct.
Mr. FUQUA. The one thing I thought was missing which I

thought was very important was that of teaching. It is not neces-
sarily the genesis of it because it starts in the home, secondary and
elementary schoOls and graduate schools where you really have the
basic training mechanism for future scholars and researchers and
people WhO serve in Congress, and whatever. I feel very strongly
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about this and made- that point many times. That is where we
train- people and these are the people we will need in society. Per -
haps that can be No. 6. ,

Dr. SPROW. That goes along with 1 through 5. The teaching is
critical from an industrial perspective. I think from my own obser-
Vation this problein we are talking about, the equipment, instru-
mentation and infrastructure problem is at its most critical in
teaching facilities, particularly in the undergraduate activities in
the universities. It is the undergraduate engineering lab, under-
graduate chemistry lab where this situation we are talking about is
really, critical.

FUQUA. You also mentioned using business management pro-
Cedures andtechniques developed iri the industrial sector to im-
prove the effectiveness of infrastructures. Based on your own obser-
vations- and eXperience, whilit has kept -the universities from doing
that? Are there cases, institutions, or other situations where there
has been significant progress made in trying to apply these - proce-
chires?

Dr. SPROW. The current system with the great majority of the
jfunding going to individual researchers just generally works

against the application of a great deal of management techniques.
University people, faculty members, and researchers are an hule-

ndent breed, are thankful they are, are not all conservative types
like us folks, in industry. I think when you have a syStem that by
and large allocates sums to a group of independent people the
chances to apply management techniques in an across-the-board
way to maxinuze sharing and maximize planning or obsolescence
and looking at ways to tie together research activities electronical-
ly and through Computing, it is sort of like pushing the wreng end
of the. straw. It never will get through as long as that is the funda-
mental mechanism.

That ,mechanism las-a place. It has produced some tremendous
research: The zed of the equipment has gotten to the megaiicale
superdoraptiters, advanced physics equinment. That old' mechanism
and independence which is ,inextricably a part of it I do not think
will solvehe probleM.

Mr. FUQUA. We discussed this yesterday briefly from the academ-
ic standpoint. Orie of the questions that comes to mind, and it has
beedhientioned 'in some of the conversations we have had before
the task force, that back when we switched somewhat from the
block grants, larger grants, More individual oriented research pro-
gram, we tend then to remove long-range planning and so forth
for infrastructure. You mentioned 1970. There were some after
that-time, "think. The National Science Foundation has centers of
excellence awards which worked very effectively. They were very
beneficial to all concerned.

Dr. LANGENBERG. That is correct.
Mr. FUQUA. Do you think that has contributed part of the prob-

lem?
Dr. SPROW. Now that I have the mike, on the centers, I think

there is a key philosophical decision which has to be made when
such centers are set up, and that is not to let the organization that
is geographically responsible for the center dominate the activities
in the center, If you set up a center at the University of Utah and
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make it so difficult for researchers not at that university tc partici-
pate at the university it isI am not picking on Utah but picking
them out of the you make it so difficult for people outside
that geographiC-areas to participate, the center is of no use. You
haveto- work at thatfrom the front end to be sure there is an advi-
sory board, active participation of proposals and research from out-
side thelost university.

Dn. LANGENBERG: if I may, a couple general comments on the
management iquestion.1 think this is indeed a serious question.
Universities need to pay more attention than they have in the past
to the managing of universities: They are different from industry.
They are :managed from the top down only to a degree. They are
managed to a substantial degree by the individual faculty and indi-
vidual. researchers. A colleague of mine defines a faculty member
as someone who thinks otherwise. That is, I think, a very true defi-
nition.

As has been pointed out, when they are equipped with their own
funds from NSF, NHL through a grant which they consider to be
their town, just like the fact the, uniVersity, is the grantee, it tends
to be very difficult to manage.the process in any-kind of a coherent
way. One has anindividual group of entrepreneurs, if you will.

NevertheleSs; because they are forced to do so, I think more and
more the universities, the leading universities, are beginning to de-
velop quite sophisticated management systems. They are-not exact-
ly like those inizidustry. To some 'degree they might be said to rely
on some of the consensus development or collectiVe Management
techniques that we sometimes lock at Our Japanese colleagues and
wonder whether they are ttsing those better than we are in indus-
try:in some sense they are a bit like that. There are many univer-
sities with strong management systems.

I also believe that larger research systems, had they been cen-
ters, centers of excellence awards, had they been Materials Re-
search Laboratories, centers in which the funding depends on the
bringing together of Many "different faculty researchers, many fac-
ulty students, and post-doctorates, institutions requiring manage-
ment, they do tend to enhance and promote the notion that to a
degree even the research process at a university can be managed to
our advantage, fmancial and otherwise.

Dr. HENSLEY. I would like to address that issue, also. Universities
have developed centers. They have developed their own centers. If
you were to look at the directory for centers and institutions, you
would find there has been a large growth since 1960 from close to
1,800 up to 5,500 at this time.

There was a huge growth in centers and institutes during the
1960's and seventies at all institutions. These were not necessarily
funded or started by the Federal Government. They were started
by the institutions themselves. 1r/some cases material science cen-
ters were started by the National Science Foundation fnds, but
other types of centers have been etarted because they have recog-
nized a disciplinary or regional need to establish that center at
that particular institution.

More moneys are coming in to these centers and they have
grown from an average size of about 18 people per center up to
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where there are 63 on the average size of each center. Therefore,
the cothperition within institutions is changing.

If you look at the -National Science Foundation statistics as to
where money is going, you, will see more money is going to centers
percentageWise, an increasing amount of-money into center and in-
stitute -type of .development rather than individual areas. Institu-
tions are putting together management techniques that will meet
the changing-needs of the society and they are doing it in their
own way inwliat they call their centers, and these things are rela-
tively small--.-100 people :or-- so. That is the way they are handling
-their resPonseto better management.

Mr...FUQUA. ,Before I call. on Mr. Bruce, we may have some addi-
tional. questions. I- will have to excuse myself. We may have addi-
tionalyquestions to submit to you. We would appreciate your re-
spondingto these questions..

Mr. BRUCE. Welcome, Dr. Langenberg. I an- glad to have you
here. ,.

One Of, the things it your testimony you brought forward is that
there. should be matching grants. You mentioned $700 million in
immediate needs-and perhaps another $300 million over a 5-year
period.*

Dr. Heiniley, I noticed in this .morning's paper that Texas col-
leges and umversities are falling on to hard times because of the
lack of oil revenue. Could the universities in this country try to
come up with Matching dollars on a $1 billion research program?
Could you rhatchthat dollar for-dollar?

Dr. LANG*SEita. I believe they could. There. is almost no incen-
tive like money. If Federal money would flow only in response to a
match from another source, I think if you look for the public insti-
tutions that States suppOrt, prototypes of a kind of program that
could be looked to for possible thatching funds for the public insti-
tutions, if you look at the very substantial numbers we have heard
about for private, particularly corporite, giving, yes, I think the
universities could come up with matching funds. They have in the
past and I think they could now from one source or another.

Dr. HENSLEY. I would concur that opinion.
Mr. BRUCE. I came from another science and technology meeting.

We talked about-transfer of information from research facilities.
There is a possibility we will have legislation pending to allow a 15-
percent royalty program, having researchers participate in patents
and licensmg provisions: Down the road, would that work if these
research facilities were private individuals who would receive a
portion of the proceeds from licenses or patents?

Dr. LANGENBERG. That is presently the case in most places I
know of. Where there is an invention and where the university in
one way or another uses the patent, the faculty researcher normal-
ly _participates in the proceeds.

Mr. BRUCE. Does the university, realize itself anything?
Dr. LANGENBERG. Yes, it is shared and often shared among the

university and inventors, department or center and then the uni-
versity.

Mr. BRUCE. Our proposal is to do that with Federal laboratories.
Do you think that might be successful?

Dr. LANGENBERG. It might very well be successful, yes.
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Mr. Baum. Thank you, gentlemen, for your testimony today.
The task force stands adjourned subject to the call of the Chair.
[Whereupon, at 12:10 p.m., the task force recessed, to reconvene

on Tuesday, June 10, 1985, at 9:30 a.m.]
[Questions and answers for the record follow:]
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1. Q. WV have often been told that a general concern which
industry has about today's science and engineering graduates
is that, they are trained on obsolete research equipment in
comparison with the more up-to-date equipment they will be
using ',in industry. How does industry manage to acquire and

availablevailable to their research staff the most modern
equipment, and what lessons can government and the universi-
ties learn from industry in this area?

A. The principles employed by industry for purchasing
research instruments are the same as those used when consid-
ering other significant investments. To ensure that research
results are obtained in a timely and cost-efficient manner,
we make certain that all the alternatives to achieving
research results are evaluated prior to purchase. Government
and universities should consider separating equipment costs
from other, costs when analyzing proposals, and require
investigators to offer alternatives to purchasing additional
new equipment for achieving research results. This should
help ensure that excessive equipment is not purchased, and
that the available funds are channeled to state-of-the-art
apparatus. --

2. 'Q. You have made the suggestion that in most areas of
research a threshold exists between when each researcher
should have his or her own instrument and when an instrument
should be used by a group of researchers. In the absence of
the recognition of such a threshold by the universities, can
and should the government science agencies develop and
establish such thresholds?

A. Yes. Factors that should be considered in establishing
such a threshold include the cost of the equipment, ease of
operation, calibration repeatability and expected time of
usage.

3. Q. You observed (page 7 of your prepared testimony) that, in
your view, the "exact size of the instrumentation deficit
does not really matter. The problem is a major one." Would
you not agree, however, that for us in the Congress, where
the allocation of scarce resources and the matching of needs
to resources is an important function, there is a compelling
requirement to have estimates of the infrastructure needs
that are as accurate as possible?

A. Yes. A reasonably accurate assessment of the cost to
rebuild our research infrastructure is important for estab-
lishing priorities for the allocation of available resources.
However, before commissioning new studies, government should
review the already published data to be certain that it is
inadequate. My impression is that it is sufficient.
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4. Q. You noted (bottom of page 7 of your prepared testimony)
that competition for limited funds combined with the
decision-making system involving peer review has-often led to
the specific denial of funds requested for instrumentation.
Do you mean the denial of proposals specifically for instru-
mentation only, or do you mean the denial of instrumentation
funds when they are part of a research proposal?

A. The denial of instrumentation funds when they are part of
a research proposal. Researchers frequently have to request
equipment for two or three years before it is granted.
RoUtine but essential instrumentation is frequently cut from
research grant awards on the sometimes incorrect premise that
instruments are readily available from other sources. As a
consequence, researchers may be forced to use less effective,
obsolete equipment which slows the pace of their research.
Further, researchers may not request needed instruments in
their research proposals because they fear the funds
necessary will jeopardize approval of the basic proposal.

5. Q. You made the observation (page 11 of your prepared
testimony) -that "In industry...investment in equipment
presents no hurdles - if it is justified, it is purchased."
Why, in your opinion, have government agencies and the
universities not been able to do the same?

A. Research programs in the private sector are justified on
economic return, and programs surviving this selection
process are appropriately supported with manpower and equip-
ment. Government and universities appear to have difficulty
in making hard choices and narrowing programs down. For
example, the NSF and DOE have a history of opting to provide
low levels of funding for many investigators versus ade-
quately funding fewer projects. Industry's capital and
equipment investment tends to be high, while manpower is
tightly stewarded. The tendency within government and
universities seems to be to favor projects which employ large
numbers of researchers rather than equipment.

6. Q. Are there, to your knowledge, any instances where govern-
ment agencies or the universities themselves have successful-
ly established mechanisms for holding researchers accountable
for investment decisions, as is being done in industry (page
15 of your prepared testimony)?

A. Although research proposals arc subject to extensive
review prior to approval, I know of no formal stewardship
mechanism for holding individual investigators accountable
for the quality and productivity of their work.
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7. Q. The debt financing method has been explained in detail
before this Committee in previous hearings. What are the
reasons, in your experience, why that financing method has
not been more widely used in the universities?

A. University adminiutrators tend to be concerned with the
risk involved with debt financing. Incurring debt for the
purchase of equipment is uncommon, and may in some cases be
prohibited by state law. Instrumentation is so closely tied
to the researcher that his or her leaving the institution
could render the equipment nonusable. The university could
be left with interest payments but no offsetting income
stream from a sponsoring agency, etc.

Federal regulations, as represented by OMB Circular A-21,
do not allow interest payments as costs which will be funded
by government grants. Therefore, universities seek to avoid
interest costs, as the majority Of their funding for research
comes from government sources. Additionally, universities
are nonprofit operations; consequently, the tax deduction
associated with interest costs does not provide the same tax
reduction incentive as in a profit-oriented industrial
organization,-

8. Q. It has been suggested that the allowances under the
indirect cost system in OMB Circular A-21 have too long
write-off times to realistically allow for the replacement of
buildings and equipment. For example, the use charge for
laboratories is now based on a 50-year life, whereas indus-
trial practice is said to be to write of laboratories on a
20 to 25 year basis. What are, in general, the practices in
industry with respect to write-off periods foi. buildings and
equipment?

A. Industry typically follows tax depreciation schedules as
set forth by ACRS, namely 18 years for buildings and 2 years
for equipment.

9: Q. certain eLx provisions now are intended to encourage
industry to donate research equipment to the universities.
Do we have any data on how much such equipment is being
donated to the universities?

A. To the beat of our knowledge no compilation has been made
of the aggregate. I am concerned that such donations do not
typically include funds to maintain the equipment, and this
can be a substantial burden to the receiving organization.
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10. Q. Is'the incentive on industry to donate research equipment
to universities having the effect that modern equipment is
being given to ,universities, (Jr is it in far:. obsolescent
equipment that reaches the universities when 1 -ustry replac-
es its own equipment with more up-to-date instruments?

A. 'The 1981 Economic Recovery Tax Act (ERTA) contained a
picivision encouraging corporate donations of instrumentation
to institutions of: higher learning. This provision allowed a
deduction equal to cost plus one-half of the difference
between the market value and cost. We believe the ERTA
indentive'has encouraged*the donation of badly needed, modern
computer equipment to universities; however, it appears to
have had little impact on corporate donations of other types
of modern instruments.

We should point out that the ERTA provision provides an
incentive for equipment donations by manufacturers, but
offers no incentive for industry research organizations to
donate equipment, nor does it offer an inducement for manu-
facturers to provide funds for maintaining the equipment they
donate.

11. Q. How many scientists and support personnel will be housed
in the $200 million research facility which your company has
just completed? Is this facility paid-for through charges to
the company's operating divisions, that is, through some form
of overhead payments, or through other means? To what extent
is justification for such a large facility based on forecasts
of specific benefiti versus mow general forecasts of the
expected but unpredictable benefits of scientific research

. generally?

'A. At present, about 800 scientists and support personnel
are housed in our Clinton, New Jersey, research facility.
Operating costs, including rental of the facility from its
owner, Exxon Capital Corporation, are borne by Exxon and its
affiliates. Justification for use of this new facility is
based on the realization of specific benefits, i.e., safety,
efficiencies of consolidating activities, upgrading of high
maintenance equipment, etc., as well as on intangible factors
associated with research productivity and growth potential.
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Questions for Dr. Donald N. Langenberg

1. It now appearshighly.likely that the size of the pie from which all feder-
al research support must come will remain fixed in the foreseeable future,
or only expand slightly. If that is the case where, within that total re-
search budget, can we, in your opinion, make modest decreases in funding
levels in order to provide the resources for the needs of the infrastruc-
ture at the universities?

1. Under the assumption that total federal funding for University research
will remain essentially constant, I would support a general all-agency
increase of funding'for infrastructure needs. This would obviously have
to occur, given the assumption, at the expense of other programs. Within
the resource pool available for non-infrastructure needs, I think it is
essential to continue to apply the criteria presently used by the R&D fund-
ing agencies, rather than target particular areas to assume the full cost of
intrastracture funding. The need is very real, in my opinion of the highest
priority, and broadly distributed across the science and engineering disci-
plines and the universities which foster them. The burden of meeting the
need should be spread correspondingly broadly.

2. In both cases of Infrastructure need which have received special attention
in the last few years, instrumentation and buildings, the problem has been
presented In terms of crisis suddenly being upon us. How could this occur
without anyone in either the universities or the government science agen-
cies detecting that a gradual decline was taking place?

2. Neither the decline in instrumentation nor eat in buildings escaped
detection by some in the universities

and government science agencies. Inthe case of instrumentation, the
public alarms go back to NAS/NAE/NRC reportsin the early 1970s. It is, however, a common human characteristic to post-pone going to the doctor until one has a severe pain. Or, in the words of a

maxim taught me by an old Washington
hand: When the practitioners in a field

encounter real difficulties, it's possible there's a little problem. When
people in related areas begin to suffer the consequences, there probably
is a real problem When the media and the politicians finally find out
about it, WE HAVE A NATIONAL CRISIS1III

Neither the instrumentation nor
the buildings element of the infrastructure problem is what I could honest-
ly call a crisis in the sense that if thay're not completely solved this
year the Nation will fall. Both are, however, very serious problems which
have taken many years to reach their present level, will surely get worse
in the absence of any serious attack,

and will take years to solve with a
serious attack. Each has become a "crisis" simply by crossirg a certain
threshold of general awareness. This effect, like so many in human be-
havior, is highly nonlinear.
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3. One approach to the federal role,In providing support for research infra-
strecture needs is to put In place individual, categorical programs in
response to the needs in each area. We already had special programs in
several govErmment,departnents addressed to the 'instrumentation needs and
the superoompater needs. .Should we expect a proliferation of such cate-
gorical programs every few years, cr has the time come to find a more com-
prehensive solution to all infrastructure needs?

3. It is always time to seek comprehensive generic solutions to problems.
In the calm of the infrastructure problem, the possibility of finding such
a solution is certainly worthy of pursuit. Unfortunately, however, identi-
fication and adoption of such a solution would, in my view, require that
the :ederal government take an unprecedented step. It would have to em-
brace publicly and expliCitly the notion that it has a long-term interest
in the health and vitality of the nation's research universities. That
would be a position radically different from the government's present stance
of turning to the-research universities for research and other sevvices
mainly on a selective case-by-case basis. Since I doubt the federal govern-
ment would be either willing or able to make such a radical shift of posi-
tion: I believe problem-oriented programs, i.e., categorical programs, are
the only practical solution. They're not ideal, they don't go to the root
of the matter, but they work, after a fashion, and they're better than
nothing.

4. Do you have any thwights on the suggestion that use charges be based on
significantly shorter life times, for example, that instead of basing
building use charges on a 50-year life (equal to 2% per year), they be
based on, say, 25 years (4$ per year use charge).

4. Yes, and it's a simple thought. The practical lifetime of a research
laboratory building doesn't remotely approach 50 years. Its steel frame

or its concrete floors may survive long, but as an environment for state-
of-the-art research it's not likely to go more than 20 years without need-
ing major changes. The government needn't rely upon an academic for such

a judgment. It need only consider what kind of research it was supporting
in 1935, and where it was being performed, and compare that past with the
present. Changing use charges to a shorter-life basis would be no more
than a recognition of reality.

5. A witness suggested recently that "For most of the decade of the 1970's and
into the early 1980's the universities themselves behaved largily as depen-
dents of the government, abdicating their responsibility for infrastructure
and biding their time until Federal facilities programs were resumed." In
your view, can anything be done to bring about a change In this attitude on
the part of the universities?*

5. Yes, but it won't be easy. This academic would be among the first
to concede that our research universities, with a few exceptions, have not
recognized and accepted the implications of their accession to research
university status and their consequent partial federalization. In my answer
to Question 3, I suggested that the federal government often behaves as though
it still thinks it's in the business of farming out research.in micro- and
mini-projects to university job shops. Not surprisingly, in response the
universities behave as though they were job shops. The notion that both
the government and the universities are committed to a long-term partner-
ship seems to have scant acceptance on either side. Attitudes on both sides
can be changed, but like any change in basic attitudes, it'll Stake a lot of
time and effort, backed by evidence of solid commitment on both sides.
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6., We have occasionally had suggestions, from the GAO and others that all or
part of the indirect costs be paid to the university on the basis of a
,fixed.percentage of the direct costs rather than on the basis of detailed
audits and negotiations. In-your opinion, what would be the advantages and
disadvantages of such a fixed percentage rate for the indirect cost cover-
age, and specifically, would it be helpful to the universities in giving
increased flexibility to the acquisition of the infrastructure items?

6. Whither an indirect cost rate "fixed" in whole or in part-would have
may advaaitagewould depend strongly on who fixed it and'on what basis. In-

direct costs.generally are real and necessary costs attendant on the con -
duct. of research. The federal government's present policy of reimbursing
all research-related indirect coats is, in my view, just and fair. The
persistent problems associated with indirect costs result from the diffi-
culties. of identifying and justifying research-related indirect costs in
the academic research environment where research is conducted in close re-
lationship with other functiOOs. In such an environment, some elements of
research - related indirect costs are relatively easily isolated and accounted

for, and some are not. The most prominent example of the latter is the so-

called departmental administration cost. is this element which has en-

gendered the debates over faculty 'effort reporting. I think it possible

that some accommediiion might be reached between the federal government and
the research universities in which the departmental administration cost
element might be "fixed" by mutual agreement in exchange for the elimina-
tion ofeffort reporting and other forms of detailed accountability with
respect to this cost element. Where research-related indirect cost ele-
ments can be more simply identified, they should be so identified and re-
imbursed. We should resist the temptation to cut the Gordian knot by pick-
ing some overall indirect cost rate out of a hat and "fixing" it. Whether

that rate were high or low, it would be wrong for at least one partner in
the.goverument- university partnership and give rise to continuing strains

in the relationship.

There is no necessary connection between a fixed indirect cost rate and
"increased flexibility to the acquisition of the infrastructure items."
If the government and the universities could agree on realistic infra-

structure use charges and on a mechanism for allocating them to future

infrastructure acquisitions, the indirect cost system could provide a long-

term solution for at least part of the infrastructure problem, as implied

by Question 3. However, such a mechanism would obviously increase indirect

cost rates significantly. A great deal of political groundwork would have

to be done both in the government and in the universities to make this

palatable.

7. Apart from the question of the effective life of buildings, laboratories,
and equipment, to what extent have the universities been setting aside the

use chr;yw as reserves against future replacement needs?

7. In the absence of good information about the practices of universities
other than my own, I really can't answer this question adequately. However,
I doubt chat a careful study would reveal that most universities have been
setting aside use charges in reserve against future infrastructure needs.
If that is the case, I would agree that this is a failing which ought to be
corrected in any future reform of the indirect cost system. I would assert,
however, that it is an understandable failing given the absence of any real
correspondence between presently allowable use charges and the real costs
of recurring infrastructure needs.
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8. An estimate bythe government auditors of indirect costs suggests that over
the-period 1972 - 1984 a total of just over SI billion was provided in use
charges to the universities. To what extent can we account for the appli-
rmstion'of those funds to construct new buildings, and can we expect those
charges in the future to provide a, significant fraction of the n-gried funds
for that purpose?

8. I suspect*it would be very difficult to establish a one-to-one relation-
ship between use charges provided. over the 1972-84 period and new building
construction dUring,thit period. As for the future, the following order-
of-magnitdde estimate suggests, to me at lecmti that reimbursed use charges
at the rate estimated for the 1972-84 period would provide only a very
small friction of the real needs. There are between 50and-100 universi-
ties in-this country with substantial levels of federally funded research.
At the 1972...84, rate that implies use charges in the heighborhool of $1-2
million per year.per university. Hy experience in two universities suggests
that.the annual recurring-cost for maintenance, renovation, and replacement
of research facilities exceeds that level by a factor approaching ten!

9. You suggested that the funding of university infrastructure needs be done
on the basis:of matching funding by the Federal Government. What other
sources do the universities have to match the federal funds?

9. The other sources are state tax funds (available in most cases only to
public universities), and gifts from private donors, either direct or via
endowment income resulting from prior gifts. In a properly designed use
charge system, it might be possible to derive matching funds from the sale
of bonds backed by tha promise of future use charge income. The latter
would, 'f course, simply transfer most of the cost to the federal government,
spreading it over many years.

10. How can we, in your view, ensure that the financial contribution of the
Federal Government, if if is done a project funding, does not, in effect,
serve as a disincentive to the other parhiers, including industry, the
states, and private donors, to contributelinancially?

10. There is really no way to ensure that; there are no absolute guarantees
in life. However, I would suggest that any federal fears on that score can
be allayed by looting at the actions of industry, the states, and private
donors in recent years. In the face of reasonably stable, if not munifi-
cent, federal support for university research, industry has been increasing
its support for university research at a faster rate than any other contribu-
tor. This has certainly happened in part because the universities, driven
by the need for more dollars than the federal government can provide, have
been pursuing industry support more aggressively. But I am convinced that
it has also happened because both-e-s universities and industry have become
more aware of the importance of stronger university-industry linkages, and
because the federal government has found ways to encourage these in many
of its own programs. HAny states, in greater awareness of the connection
between their economic development and their research universities, have
initiated new research support programs. One example is the Benjamin
Franklin Partnership in Pennsylvania. Finally, gifts from private donors
have been increasing at a substantial rate across the country. If the
federal government can avoid slaughtering these several golden geese in
the cousre of reforming its tax law, I would anticipate no abatement in
these trends. In short, while I expect the federal government to continue
to provide the majority of the support for university research, absent
major course changes, I see no reason to fear that the other patrons of
university research will use the federal government's participation as an
excuse to abdicate their responsibilities.
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The task force met, pursuant .to call, at 9:30 a.m., in room 2318,
Rayburn House Office Building, Hon. George E. Brown, Jr., presid-
ing.

Mr. BROWN. If we may get underway here, we will be able to get
our business taken care of.

The chairman, Mr. Fuqua, regrets that for personal reasons, per-
sonal matters will keep him away from the hearing, at least for a
portion of the morning. He has asked me to substitute for him
briefly.

I would like to get you warmed up by making brief opening re-
marks, if I may.

In the late 1970's, the research community in this country
became aware that a gradual and apparently widespread deteriora-
tion in university research instrumentation was going to take
place. In spite of earlier assumptions that funds for such equip-
ment was routinely being provided as grant moneys, the instru-
mentation base was said to be in danger of becoming seriously out-
dated. In particular, it was noted that researchers in American in-
dustry -ire much better equipped and that in some cases industry
was unhappy with recent LLD. graduates that they hired from
many universities because they had received their training on obso-
lete research equipment.

At that time, about 5 or 6 yer.rs ago, very little in the wf.ty of
hard solid data was available about the current status and future
needs of research instrumentation. The Government agenkies and
the committees of Congress were forced to respond based on scat-
tered anecdotal evidence, and there was no way of knowing how
good the situation actually was. Nor was there available any care-
ful analysis to the extent to which the Federal Government's re-
sponse was meeting 20 percent or 80 percent of the actual need for
new instrumentation.
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Today we have before the task force the principal authors of the
'first major comprehensive study of the research instrumentation
question. Jointly funded by a number of the affected Federal agen-
cies, it -was concluded by three of the leading university associa-
tions: the Council on 'Governmental Relations, the National Asso-
ciation nf. State Univeraities and Land-Grant Colleges, and the As-
sociation' of American UniVersities.

The strength of "this study is its comprehensiveness and its basis
in data and data analysis. It's comprehensive in that it covers all
the sources of instrumentation funding, including not only the Fed-
eral. Geverruhent but also State governments and private industry.
It also covers a wide variety of funding mechanisms, including vari-
ous forms of debt funding. Furthermore, it builds on previous, more
limited studies and includes, as well, data from a series of field
visits madebY the membera of the study-team.

I will note, however, that the study may also suffer from some
weaknesses. It was conducted -by the organiztations and through
interviews with Many "individuals who themselves have a strong
and direct interest in research and research instrumentation. It's
also clear that the study raises a number of important questions to
which answers are net totally obvious. Nevertheless, we look for-
ward to today's testimony, and discussion, and we welcome the dis-
tinguished.panel members of the Task Force on Science Policy.

Mr. Lujan.
Mr. LUJAN. Thank you, Mr. Chairman.
I don't haVe an opening statement. I am pleased to be here this

morning to listen to those who were responsible for putting out this
excellent report. I do think it's excellent, and I look forward to
hearing from all of -you. Thank you, Mr. Chairman.

Mr. BROWN. Thank you, Mr. Lujan.
NO*, we will hear from the task force: Richard A. Zdanis, Ray C.

Hunt. Mr. Zdanis is vice provost of Johns Hopkins. Mr. Hunt is
vice president for business and finance at the University of Virgin-
ia, and Praveen Chaudari, vice president, science and director,
Physical Sciences Department of the IBM Corp., accompanied by
Mr. Milton Goldberg, executive director of the Council on Govern-
mental Relations, and Ms. Suzanne Woolsey, partner, Coopers &
Lybrand.

We are pleased to have you all here. You start first, Dr. Zdanis, I
believe.

STATEMENT OF DR. RICHARD A. ZDANIS, VICE PROVOST, THE
JOHNS HOPKINS UNIVERSITY, BALTIMORE, MD

Dr. ZDANIS. Thank you, Mr. Chairman.
I appreciate this opportunity to appear before you as chairman of

the steering committee that directed the newly published report
Financing and Managing University Research Equipment. My col-
leagues and I hope 'to outline for you the findings and recommenda-
tions of our study and, of course, we will be happy to answer
questions.

As you have noted, the events which bring us here today began
in the early 1970's when the problem of maintaining and replacing
modern research equipment was noted in American universities,
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and these problems are now ,acknowledged to be severe Let me
quote a few statistics:from the National Science Foundation's Na-
tional Survey of AceidemiiResearch Instruments:The Survey covers
the years and 1983, and it shows in part that 72 percent of the
academic department heads surveyed said that there was lack of
insttUtnente which was preventing critical experiments. Twenty
percent of the universities' inventories of scientific equipment were
obsolete and are no longer useful for research purposes. Twenty-two
lieitant of the instrument systems in use in research were more than
10, years old' : Only 52 percent of the instruments in use were reported
to be in excellent working condition. Forty-nine percent of the
department heads suriieyed said.that the instrument- support serv-
ices, such as machine electronic shops, were of poor quality or
nonexistent.

I think you will agree that these conditions are not what the
Nation must have. To some degree, this situation was created by
scientific and technical progress. Rapid gains in the productivity
and sensitivity of research instruments have been accompanied by
:the higher costs of buying and operating and maintaining these
pieces of equipment., The cost of acquisition has outpaced inflation.
The same progress that brought us greater capability of instru-
ments has also shortened their useful lives. For 15 years, the funds
from all sources for research equipment has not met the needs cre-
ated by rising costs and more limited useful lives.

An Interagency Working Group on Research Instrumentation
composed of several officials of the National Science Foundation,
the National Institutes of Health, the National Aeronautics and
SpaCe Administration, the Departments of Agriculture, Defense
and Energy was convened in the early 1980's to coordinate action
on this problem.

The States, industry and universities themselves launched vari-
ous initiatives. Of cc'irse, in times, of limited budget in which we
are pleased to live, it's of utmost importance that the maximum
use bp made of the funds available, and the Interagency Working
Group approached the Association for American Universities, the
National Association of State Universities and Land-Grant Col-
leges, and the Council on Governmental Regulations, and asked it
toasked them to undertake a special effort to identify any bar-
riers which may prevent the most expeditious acquisition of equip-
ment and to document new and innovative financing mechanisms
which might exist for replacing and refurbishing the research
equipment.

The three associations undertook the study that we are reporting
on today, and it's important to note that funds for this study were
contributed by the six Federal agencies represented on that Inter-
agency Working Group as well as the research corporation. A
steering group of scientists and administrators from the academic
community and industry was established to direct the study, and
orisite interviews were conducted at university and industrial lab-
oratories as well as national lahoratories and extensive interviews
on reviews of legislation at both Federal and State levels. The
report of the field research team by three experienced science ad-
ministrators reflected meetings with more than 500 individuals at
23 university, developmental, and industrial laboratories. The firm

254
..



of Coopers & Lybrand also did field work in addition to extensive
literature review in its report on debt financing and tax aspects.
These reports and other information developed by the three asso-
ciations' were combined into our final report. In general, we exam-
ined the Federal and State regulations, practices, and management
practiceawithinthenniversities, and the sources of funding mecha-
nisms :fOr instruments. We have 26 recommendations directed at
each of these sectors. In addition, we reached the comprehensive
conclusion, and that I will quote from the summary of our report:

Many-ectiOnscan be taken' that clearly would enhance the efficiency in acquisi-
tion of, management, and use of research equipment by universities. . . . The over-
all problem is'so large, however, that it can not be properly addressed without sub-
stantial, sustained investment by all bourcesfederal and state governments, uni-
versities, and the private sector.

Let me take a moment to emphasize "sustained investment." Be-
cause of the relatively short lifetime of adequate rebearch equip-
ment.these days, it's important that an investment strategy be de-
veloped which will be sustained over time to address this problem
and any solution must recognize this costly fact.

Let me4arri -to the role of the Federal Government. '.here are
five -topical' sections in our report, and the Government, as the task
force well knows, is the leading funder of academic research.

-The potential: impact of Federal regulations on efficiency in
buying and managing equipment is correspondingly large. We
looked at the 'Federal mulations and the two basic circulars which
undergird the purchase of equipment, A-21 and A-110. In addition,
there are the Federal acquisition regulations, and each of these cir-
culations May be supplemented by 'agency regulations. Only certain
parts of those circulars apply to scientific equipment.

We find few barriers that contribute to the problems directly
within-the language of the regulations; however, the difficulty is in
interpretation and application of those regulations by the Federal
agencies. Interpretations vary from agency to agency, from region
to region within the country, within the same agencies, and from
time period to time period. So that, in this swirl of uncertainty,
university management is forced to be very conservative, and it's
so conservative as to be inefficient at times, we believe.

So, therefore, we believe as a first step that the heads of the Fed-
eral agencies should issue internal policy statements designed to
reinforce their commitment to the overall goal of assuring the effi-
cient acquisition and maintenance of research equipment. Today
we discuss global goals. What is the acquisition of research equip-
ment throughout the Nation, throughout all of the Federal agen-
cies? However, on a- daily basis, the management is done on a pro-
gram-by-program basis. The success, promotional performance and
evaluation is on a program-by program basis. It's not clear that the
sum of all those local optimizations of each program necessarily is
the same as the global optimizations of the acquisition of research
instrumentation across the Nation. It would help considerably to
have statements that would encourage action at the programmatic
level to adhere to global policies that we believe are proper for the
Nation.

This we are going to talk aboutcommingling of funds and use
of equipment by multiple projects, that is across agencies, across
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particular tasks, and those are decisions that are difficult for pro-
.granr administrators to take unless they have an overall guiding
statement that yes, this is part of the action that we believe is de-
sirable-forlus agency by the agency head.

To'be more- specific, and,addiessing some other points of Federal
bEirriers,.the costs of a fall functidning piece of research equipment
are not alWays considered in an orderly manner. The full costs in-
clude space renovation, installation, service contracts, operation
and. maintenance; and technical support, in addition to the initial
Purchase 'price. Federal agencies should Consider the full costs of
the equipment, in research awards and insure they will be covered
either 'by the research award itself or by the recipient as a condi-
tion' of that award. In programs that require university contribu-
tion= fdr matching funds toward acquisition 'of instruments, we be-
lieve that, the agencies should accept payment of costs such as in-
stallation and,maintenance as matching funds.

Individual, research awards, the backbone of the Federal basic re-
search support; usually are not large enough to accommodate
equipment of more than modest cost. Investigators often will have
more than one award but have difficulty combining funds from dif-
ferent awards -to buy, equipment. To. ease this problem, we recom-
mend that Federal agencies encourage the sharing of support for
equipment across award and agency Imes. We also recommend that
they adopt procedures that make it easier to spread the cost of the
equipment charged directly to research p vject awards over several
award years.

Many universities are unable to recover costs of non-federally
fundeck equipment used in conducting federally-sponsored research
on a timely basis. This famous circular, A-21, permits universities
to recover these costs through an annual use allowance of 6% per-
cent. At-this rate, the full cost is not recovered for 15 years. Histori-
cally, that was not an unreasonable recovery rate because of the
then useful life of this research equipment. However, today, state-
of-the-art equipnient may have a realistic life which is 5 years or
less. Circular A -21 also permits universities to recover the cost of
non-federally funded equipment by depreciating it over a realistic
lifetime, and it permits them to change from the use allowance to
the depreciation formula. HoweVer, when universities make the
switch, auditors = of the Department of Health and Human Services
have permitted recovery as if the equipment has always been de-
preciated. For example, if a piece of equipment purchased with uni-
versity funds had a useful life of 5 years and was 3 years old when
the switch in accounting procedures took place, 20 ,percent of the
cost would have been -recovered under use allowance; 40 percent
would be recovered under depreciation in future years. However,
the university would never recover 40 percent of the cost simply
because it had changed accounting procedures. This practice is a
major disincentive to universities to invest their own funds in re-
search equipment which will be used on federally-sponsored re-
search.

Less troublesome is the uncertainty surrounding recovery of in-
terest on money that universities borrow externally to finance
equipment. Circular A-21 states that interest is an allowable
charge to Federal awards at the discretion of the funding agency.
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Appro.-al is required for each purchase, and there are instances
when even before the fact, agency acceptance in principle has been
obtained. When specific- purchases have been asked to allow the
cbAr6 to be put into the-indirect cost pool, the approval has been
denied. We believe that universities should not be subject to this
flexibility of this decisimunaking, and OMB should revise this Cir-
cular' to make it an allowable charge.

Policies regarding title to equiPinent yary,among agencies. Those
who wish to combine university furids with Federal funds to buy an
instrument are uncertain, about where the title will reside. It's es-
pecially true where research is funded by contracts rather than
grants, and we recommend that all Federal agencies invest title to
equipment in the universities upon acquisition.

The manageMent of research equipment is also complicated by a
number of paper working rules that are embodied in Circulars A-
21 and A-110. The thresholds at which documentation needs to be
retained are unrealistically low, and they are inconsistent between
these two circulars. We recommend that they be raised to a realis-
tic level, and that will prevent the abuses that might occur in mul-
tiple purchases of equipment. That may occur, but it will reduce
the paperwork considerably.

-Circular A-110, for instance, requires that the university inven-
tory be researched to prevent duplicative purchases at a $300
threshold,--an unrealisticly low point. We recommend the screen-
ing levels be raised considerably. The screening levels have been
negotiated at a $10,000 level, but on a university-by-university
basis. This is again one of the uncertainties of dealing with the
multitude of agencies and actors within agencies where one univer-
sity may be allowed to keep an inventory and do the screening at a
$10,000 level when a neighbor or good institution is not given that
privelege.

We recommend that the Department of Defense discontinue its
requirement that the inventory of the Defense Industrial Plant
Equipment Center be screened for scientific equipment which is re-
quested by universitites before. new equipment is purchased. We
found, in the course of our study, no piece of equipment that could
be identified which was acquired via this screening.

The last of our recommendations in the Federal area involves
the prior agency approvals for various actions under research
grants and contracts. These requirements can significantly delay
equipment transactions. Certain prior approval authorities are del-
egated to univereities under the Institutional Prior Approval
System of the NIH and the Organizational Prior Approval System
of NSF. These two systems, among other benefits, reduce the turn-
around time on requests from weeks to days, and the savings can
permit the university to take advantage of timely purchase price
discounts and other special arrangements. We recommend that
these systems which have proved themselves in the field be adopt-
ed by other Federal agencies.

Thank you for this opportunity to present this material, and I
would now like to turn to Ray Hunt.

[The prepared` statement of Dr. Zdanis follows:]
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Mr. Chairman and members of the Task Force on Science Policy:

My nave is Richard Zdania, and I am Vice Provost of the

Johns Hopkins University. I appreciate this opportunity to

appear before you ac chairman of the steering committee that

directed the newly pi:blinded study Financing and Managing

University Research Equipment. My colleagues and I will outlined

fon you the findings and recommendations of our study and will be

happy to answer questions. A summary of the study is attached to

my written testimony. We understand that the National Science

Foundation has distributed the full report to the Committee.

With me today are two other member* if our steering commit-
-

tee, Praveen Chaudhari of IBM and Ray. Hunt of the University of

Virginia. Also with me are Milton Goldberg of the Council on

Governmental Relations. Suzanne Wt,olsey of Coopers & Lybrand,

Patricia Warren, Projeot Manager, and John Crowley, Director of

Federal Relations for Science Research of the Association of

American Universities. The Council with the Association of

American Universities and the National Association of State

Universities end Land-Grant Colleges were the organizers of our

study, and Coopers & Lybrand helped us with the debt-financing

and tax-related aepeots.

The events that bring us here began in the early 1970s, when

U.S. universities began to experience problems maintaining and

replacing modern research equipment. These problems Are now

widely aoknowledged as extremely severe. The situction threatens

the quality of our academic eolence as well as the quality of

eduoation of new scientists and engineers. Let me cite just a

53-277 0 - 86 - 9 I
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few statistics from the National Science foundation's National

Survey of Academic R h Instruments. The survey COYOrs the

y'.ers 1982 and 1983. It shows in part Vent:

o 728 of academic department htada surveyed said that

look of equipment was preventing critical experimente.

o 20% of universities' inventories of scientific equip-

ment was obsolete and is no longer useful for research.

o 22% of instrument systems in use in h were more

than 10 years old.

o Only 52% of inatrumemta in use were reported to be In

excellent working condition.

o 49% of department heads surveyed said that inatrument-

support services - -such as machine and electronics

shops - -were of poor quality or nonexistent.

I think you will agree that the condition of research

instrumentation available to universities is not what we must

have. To some degree, this situation was created by ecientiflo

and technical progress. The rapid gains in the productivity and

sensitivity of h inatruments has been accompanied by

higher costs for buying. operating. and maintaining them. The

costa of acquiai:ion have well outpaced inflation. The same

progress that as brought greater capability to instruments has

also shortened their useful lives. Instruments today may be

superseded by better ones in five years of loss. Finally. for

more than 15 years, funds from all sources for research equipment

have not met the needs created by rising costs and ahrinl_ang

useful lifetimes.

259
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Major efforts to sass the universities' difficulties with

research equipment began in the early 1980v. An Interagency

Working Group on research instrumentation--oomposed of 1

officials of'the Rational Science Foundation, the National

Institutes of Health, the National Aeronautics and Space Admini-

strItion, and the Departments of Agriculture, Defense, and

tnergy--was convened to coordinate action on this problem. The

states, industry, and the universities themselves also launched

variOu initiatives. These developments have helped, but the

equipment problem has by no means been solved.

Federal and academic officials, of course, were well aware

that with limited budgets available it was of utmost importance

that these funds bi used as efficiently as possible. In July

1982, the Interagency Working Croup asked the Association of

American Universities, the National Association of State Univer-

sities and Land-Grant Colleges. and the Council on Cvvernms-tal

Relations to undertake a special effort to identify any barriers

that may prevent the moat expeditious acquisition of equipment and

to docuuJnt new and effective financing and management techniques

for academic aaaaa rob equipment.

The three associations jointly undertook the study were

reporting on today Funds for the study were provided by the six

federal agencies represented on the 'Iteragency Working Group as

well as the R h Corporation. A Steering Committee composed

of scientists and administrators From both the academic cosmunity

and industry was established to dir,vot the study. On .,ite

interviews were conducted at university and industrial labora-

tories as well as extensive reviews of legislation and regulation

2G0
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at both the federal and state levels. The report prepared by a

field research team of tree experienced science adminiatratora

reflected meetings with more than 500 individuals and 23 univer-

sity. governmental and industrial laboratories. The firm of

Coopers and Lybrand also did field work in addition to an

extensive literature review for its report on debt financing and

tax aspects. These reports and other information developed by

the three associations were combined in our final report.

In general, we examined federal and state regulations and

practices, management praotices in universities, and aouroes and

meohaniams of funding. We have 26 recommendations directed to

the federal and state governments, the universities, and the

private sector. In addition, we also reached one comprehensive

conolusion, and I will quote it from the summary of our report:

Many actions can be taken that clearly would

enhance efficiency in the acquisition,

management. and use of research equipment by

universities...The overall problem is so

large, however. that it cannot be properly

addressed without substantial, sustained

investment by all sourcesfederal and

state governments, universities, and the

private sector.

I would like to emphaaize the words austained inveatment.

Laboratories in most sciences must now be reequipped approxi-

mately every five years to remain competitive in reaearoh. Any

effective approach to maintenance of a competitive research

2 61
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environment must recognise this costly fact.

Ietme now turn to the role of the federal government, Gila

first of the five topical sections of our study. The government,

as the Task Force well knows, is the leading funder of academic

h. Federal agencies account for nea^ly two - thirds of the

funds spent annually to buy academic research equipment. The

potential impact of federal regulations on efficiency in buying

and managing equipment is correspondingly large.

The basic federal regulations that we atoeseed are Off.ce of

Manavnent and Budget Circulars A-21 and A-110 and the Federal

Acquisition Begulationa. Circulars A-21 and A-110 apply to

pampa. grants, and Circular A-21 and the FAB apply to research

contracts. These regulations may he supplemented by agency

rules. Only certain parts, of tea apply to scientific equipment.

We find that few of the basic federal regulations contribute

directly to prohleas with equipment. The difficulties arise

mainly fro' the interpretation and application of Cse regulations

by federal agencies. Interpretations vary from agency to agency

from region to region. and from time period to time period. This

inconsistency leads universities to adopt unnecessarily conserva-

tive management practices, which further complicate equipment

prohlema. We think changes can be made that would much improve

efficiency in dealing with equipment without going against the

purpose of the regulations -- insuring accountability for puhlic

funds.

As a first step, we recommend that the heads of federal

agencies that support academic research issue internal policy

statements designed to reinforce their commitment to the overall

2 G 2
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goal of assuring the efficient acquisition and management of

research equipment. Today we are discussing global goals for the

nation and universities, but on a daily basis decisions are made

at the project level and performance appraisal is conducted on a

byprogram basis. Some of the recommendations we make advocate

the comingling of runda and the use of equipment by multiple

projects. Agency statements that these actions are to be

encouraged would be a major help in providing guidance at the

program level. We also recommend actions aimed at certain

specific barriers.

One of these barriers is that federal agencies- -and states

and universities as well--do not provide for the L,;i1 costs of

functioning research equipment in an orderly manner. These full

costs may include apace renovation, installation, service con

tracts, operation and maintenance, and technical support 4n

additicn'to initial purchase price. Federal agencies should

consider the full coats of equipment in research awards and

insure that they will be covered either by the research award

itself or by the recipient as a condition of the award. In

programs that require the university to contribute matching funds

toward the acquisition of instruments, the agencies should accept

universities' payment of costs such as installation and main

tenance as matching funds.

Individual researchproject awards, the backbone of rederal

support for basic research, usually are not large enough to

accommodate equipment of more than modest cost. Investigators

often will have more than one award, but then have difficulty



combining funds from different awards to buy equipment. To ease

this problem we recommend that federal agencies encourage the

sharing of'support for equipment across award and agency lines.

We also recommend that they adopt procedures that make it easier

to spread the coat of equipment charged directly to research-

project ailirds over several award years.

Baby universities are unable to recover the cost of nonfed-

erally flindmd equipment used in conducting federal sponsored

research, on a timely basis. OMB Circular A-21 permits univerai-

ties to recover theaccoats through an annual use allowance of 6

2/3 percent vf acquisition cost. At Chas rate, full cost isn't

reoovered for at least 15 years. Historically, this was not an

unreasonable recovery rate but today the realistic life of state-

of-the-art equipment say be five year.3 or less. Circular A-21

also vermito universities to recover the cost of nonfederally

funded equipment by depreciating it over a realistic lifetime, and

it permits then to change from use allowance to depreciation.

But when universities ne4 the switch, auditors of the Department

of Health and Susan Services only permit recovery as if the

equipment had been depreciated. For example, if a piece of

equipment purchaseA with university funds had a useful life of 5

years, and was 3 years old when the switch in mccouating took

place 20% of the coat of the equipment would have been recovered

under use allowance. 40% will be recovered titular depreciation in

future years. The university will never recover 40% of the cost

simply because it changed acoounting procedures. This practice

is a major disincentive to universities own investments in

research equipment used for federally sponsored research. We

264
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have recommended that this practice be changed to permit full

recovery.

Also troublesome is the uncertainty surrounding recovery of

interest on money that universities borrow externally to finance

equipment. Circular 1-21 states that the interest is an allow-

abli charge to federal awards, at the discretion of the funding

agency. Approval is required for each purchase and even when

agencies have approved the concept in principle interest may not

be allowed on specific pu:chases. We believe OMB should revise

Circular A-21 to make such interest unequivocally an allowable

cost. University officials rho are uncertain about recrrering

interest are reluctant to consider debt financing as a mechanism

for updating equipment.

Policies regarding titlf .o equipment vary among agencies.

Invetstigators or administrators may wish to combine university

funds with federal funds to buy an instrument, but without

assurance of title they may be unable to do so. This is espe-

cially true where research is funded by contracts rather than

grants. We recommend that all federal agencies vest title to

equipment in the university upon acquisition.

Management of research equipment by universities is compli-
, ti

catea by certain provisions of OMB Circulars A-21 and A-110. The

Circulars prescribe capitalization thresholds that are unr ells-

tically low and also different--$500 in A-21 and $300 in A-110.

Universities must maintain equipment inventories, and these would

be simpler to manage if the capitalization thresholds were raised

and made uniform. We recommend a threshold of $1000--this level



would likely halve the number of items in the typical university

Inventory of capital equipment while retaining 80% o the combined

value.

Circular A,Alp requir13 universities to avoid buying dupli-

eats equipment, which is interpreted to mean that they must

screen their inventories before purchase. We learned that the

$300 threshold requires a. great deal of screening for equipment

.that isn't economical to share. Higher screening levels have

been negotiated, and we recommend that OMB set the minimum at

$10,000. It one university we visited, that level accounted for

3.2% of the pieces of equipment in the inventory bought in 1983

and 5G% of the dollar value.

We also recommend that the Department of Defense discontinue

its requirement that the inventory of the Defense Industrial

Plant Equipment Center (DIPEC) be screened for scientific equip-

ment requested by universities before new equipment is 4rchased.

We found no one in the course of our study who could identify any

research equipment acquired via DIPEC screening.

The last or our recommendations on federal regulations

involves the prior agency approvals required for various actions

under research grants and contracts. These requirements can

significantly delay equipment transactions. Certain prior-

approval authorities are delegated to universities under the

Institutional Prior Approval System (IPAS) of MIR and the

Organizational Prior Approval System (OPAS) of NSF. IPAS and

OPAS, among other benefits, reduce turnaround time on requests

from weeks to days. The 'airing can permit the university to take

advantage of timely price discounts or other special arrange-

ments. We recommend that these systems be adopted by oth,.!r

federal agencies.

Again, I appreciate the opportunity to appear before you

tcday on this important ratter. You will hear next from Ray Hunt

of our steering committee.
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Mr. BROWN. Dr. Hunt.

STATEMENT OF DR. RAY C. HUNT, JR., VICE PRESIDENT FOR
BUSINESS AND FINANCE, UNIVERSITY OF VIEGINIA, CHAR -
LOTTESVILLE, VA

Dr. HUNT. 'Ir. Chairman, members of the task force, today I will
briefly give you the ideas that we have developed during the re-
search instnunentatiOn, project on the roles of States and universi-
ties relative to scientific equipment. I will also touch brieflY on the
subject of debt financing.

The -NSF study mentioned earlier foUnd that States directly
fundeds5-peicent of the aggregate cost of instruments in use in the
acadenie in 1982 and 1983. States also pay for equipmeat Indirectly
through tax benefits.. On the .other hand, the States omen hamper
.the purchase and use of eqUipMent through regulations and restric-
tions on schools' -financial flexibility. These activities apply mainly
to public universities. Private institutions rarely have access to
State 'funds, and they are 'virtually exempt from State, controls on
equipment, except when they, use State borrowing authority.

The States' broad roles as funder and regulator of scientific
equipnient in public universities are inherently m conflict to some
degrees. Nevertheless, we think they could combine these roles
more rationally in ways that would help the schools with their
equipment problems.

The States are not going to replace the Federal Government as
the Major funder Of academic research equipment. But we do think
they should look carefully at their direct support for scientific
equipment in both the public and private institutions, relative to
support from other sources. Judicious and highly selective in-
creasesli State funding could be most helpful to the scientific stat-
ure of `the States and could also make Federal and industrial funds
more effective.

We also recommend that States give their universities more lati-
tude in handling funds. We think that institutions should be per-
mitted such actions as transferring funds among budget categories
and carrying funds forward from one fiscal period to the next. A
fiscal period- typcially is 1 or 2 years. The added. flexibility would
clearly make the universities better able to deal with problems of
research equipment. We also think greater flexibility would save
money in the purchasing process and permit academic administra-
tors to do their jobs more effectively.

Tax benefits specified in the Economic Recovery Tax Act of 1981
are available to equijMient donors in 34 States simply because their
tax codes follow the, Federal code. Relatively few States have adopt-
ed tax benefits designed to fit their particular circumstances. We
think the States should examine the use of their taxing powers to
foster both academic research and modernization of the equipment
it requires.

State procuremeat controls also, need attention. In general, we
think they should be revised to suit the unusual nature of scientific
equip:dent. Such equipment Should be exempt from purchasing re-
quirements designed for generic items 'like batteries and cleaning
t.naterials, whlre brand-to-brand differences may be insignificant.

-:1
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Each. university should have the authority to buy scientific equip-
ment,without having rules imposed beyond those of Federal agen-
Cies:

We -recommend that States consider revising their controls on
debt financing so as to -help public universities acquire scientific
equipMent. It"-Would be. helpful ildebt financing could be used to
buy eqUipmentindependeritly of construction projects, which now
is not generallY':thenase. It--would'alsobOielpful to that
scientific equipment-_may need 'to 'be replaced- in only a few yeare,
althoughacquiredas part Of a 'construction project financed for 30
years.

Finally, we think that schools ought-to be permitted to lease re-
search= equipment for periods longer than the 1- or 2-year state
budget period- to which they are-now often held. This restriction
limits the institutions' ability to arrange advantageous 'leases.

The universities themselvea, public -end, private, funded about
,one-third of imajor instrumentation systems in use in 1982 to,1983,
according to -NSF. The schools deal with scientific equipment in
many ways inliddition'to tha Conduct of research. They fund equip-
ment from their own resources, from gifts they solicit, and from
various forma of .debt financing; they handle the purchasing proc-
ess; they pay part or ally of the costs of operation and repair; they
maintain equipment inventories; they,help to optimize the- sharing
of equipment' by investigatore; and they 'handle disposal of equip-
Ment no longerneeded or useful:

Given this degree of involirement, one would expect to find oppor-
tunities to imprOve efficiency, -and we did. The measures we believe
would.help suggest that universities indiilduallY Ought to consider
a more centralized : approaCh than is now common in-their acquisi-
tion and 'management of research equipment: I might point out
that-other pressures also appear,t6 bo.pushing the schools toward a
more centralized' approach -in their operations, in general. These
pressures include the growing' interest in debt financing and joint
develOpment effortawitn State-governments -and industry.

We concluded that universities should plan their allocation of re-
sources more 'systematically to favor research and research equip-
ment 'in subject areas that offer theni the bait opportunities to
achieve distinCtion. In other words, we - recommend that universi-
ties engage iii more intense strategic planning with participation
by both administrators and faculty. Hard decisions may be re-
quired as a result of conscious strategic planning, but we think
they are needed to optimize the use-of funds available.

We also recommend that universities, budget there realistically
for the costs of operating and maintaining-research equipment. As
you heard earlier, we-think that Federal agencies can 'help to en-
courage realistic budgeting- through praitices associated with their
research-award procedures. Lack of operating and maintenance
costs are serious- and pervasive problems at universities, and lack
of planning- for 'the full ,costs of research equipment is much too
common. User charges-are often assessed to cover maintenance and
the costs, to suppOrt staff, but they can rarely be sot at a high
enough level to recover. full costs.

You also heard earlier that individual research awards cannot
usually accommodate costly equipment. We believe that Federal
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Agencies should .make it easier to -spread the costs of equipment
charged directly to awards over several awe-d years. We also rec-
ommend that university administrators and investigators more ag-
gressivel:Y.seek agencylapprovalto do so.

UniVersities could.facihtate timely acquisition of research equip-
ment.. 0.4401i:turn cost by working to minimize dolays and other
prOblems:cansedhy kirocurement 'procedures. The pUrchasing proc-
ess, ail said-earlier in regard,,tothe role of the 'States, ought to be
iidapteeto; the specialized , nature of the research equipment. Spe-
Cialized purchaeing entitita.Or individuals can help. We also recom-
mend-formal programs to explain to purchasing personnel and in-
vestigators the needs and problems of each. ,

We helieve that aniiierinties should,alse,consider establishing in-
ventory systems that facilitate sharing of equipment investiga-
tors. Theinventory systems encounteredhy our field research team
were not generally useful for this.pdrpose, with one exceptionthe
inventory, set up by the Research Equipment Assistance Program
Lx EAP] at Iowa State University. The REAP inventory, contains
only research equipment. The program may not be cost-effective
for all universities, but. we think that most of them would find
-parts of it,usefill..

Another 'point touched -on, earlier is the choice- of use allowance
or depreciation to generate funds for replacing equipment. We rec-
ommend that depreciation .be used because the funds in principle
can be generated over the useful life rather than.the unrealistic 15
years 'required by the use allowance. This recommendation -pre-
smiles that universities can negotiate -realistic depreciation sched-
ules,. mid. dedi,Cate the funds; to purchase of equipment. You will
recall .that costs scadbe-recovered by use allowance or depreciation
only for non-federally ,funded equipment. I should also add that
hoth Methods 'add, to the indirect costs,, which are always. under
pressure:to be reduced and are particularly contentious between
academic adininiatrators and investigators.

We also recommend that universities 'look, for better and more
systematic ways to facilitate internal transfer of equipment from
investigators and laboratories that no4or ger need: it to those that
could use it. Faculty at-most schools, have no incentive to transfer
equipment, except for the need for, space, and every incentive to
hang -un -to it,,just in case there is:a future need.

UniVersities,.as.you know, have long used tax-exempt debt to pay
for major Tacilities. In, more recent time-they have' been using this
method toSoma extent to buy research equipment. WA believe they
should explore greater use of tax-exempt debt for this purpose, so
long as,proper .attention iv given to the long-term consequences of
debt.. A basic requirement when assuming debt is a reliable stream
of income to pay it off.'`This.commitment of funds cuts into the uni-
versity's flexibility in responding to new and unanticipated oppor-
tunities. Also, debt financing obviously - increases -the overall cost of
Scientific equipment to both the universities, and the external spon-
sors of research.

We recommend that universities develop their own expertise on
leasing and debt financing. Outside counsel will still be, needed to
issue. major, debt, but institutions should be able to determine the
true costs of debt financing and make this expertise and related in-

269



263

forma_ tiOn readily accessible to research administrators and to prin-
cipal inliestiiators. The increasing complexity and -variety of debt
fmancing-procedures ,and instrumentsfor any purpose make it
essential that universities fully understand the marketplace.

I Wish 'to:thank:you for your attention. The third member of our
steering 'committee here today is Pzasieen Chaudhari who will con-
clude 'our preSentation on the research instrumentation projeCt.

[The prepared statement of Dr. Hunt followil
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Hr. Chairman ancrmembera of the Task Force:

I a!' Ray Bunt, and I am Vice Preaident for Business and

Fining; at the tin/varsity of Virginia. Today I will briefly give

you the ideas we developed during the research instrumentation

project on the roles of atatea and univeraitiea relative to

scientific equipment. I will also touch on debt financing of

equipment.

The NSF study mentioned earlier found that the atatea

directly funded 59 of the aggregate coat of inatrumenta in L30 in

academe in 1982-83. Statea also pay for equipment indirectly

through tax benefita. On the other hat.J, the atatea often hamper

the purchaae and lid0 of equipment throuirt. regulations and

restrictions on schools' financial flexibility. These activitiea

apply mainly to public univeraitiea. Private institutions rarely

have access to atate funds, and they are virtually exempt from

atate controls on equipment, except when they use state borrowing

authority.

The atatea' broad roles as funder and regulator of acien-

tific equipment in public univeraitiea are inherently in confli t

to some degree. Nevctheless, we think they could combine these

rolea more rationally in ways that would help the schoola with

their equipment problems.

The atatea are not going to replace the federal government

as the major funder of academic research equipment. But we think

they should loom carefully at their direct support for scientific

equipment in both public and private institutions, relative to

aupport from other ar.rces. Judicious and highly seleotive
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Increases in state funding could be most helpful to the scien-

tific stature of the statee4rd could also sage federal and

industrial funds more effective.

We also recommend that states give their universities more

latitude in handling funds. We think that institntioncahould he

permitted such aotions as Aransferring funds among.tudget cate-

gorise and oarrying funds forward from one fiscal period to the

next. A,fisoal period typically is one or two years. the, added

flexibility would clearly make the universities better ableao

deal with .problems of research equipmen. we also think greater

flexibility would save money in the purohasing process and=permit

acadeule administrators to do their jobs more efficiently.

Tax benefits specified in the Economic Recovery Tax Act of

1981 are avail-Ibis to equipment doncra in 34 atatea whose tax

oodes automatically follow the federal code. Relatively few

st.ltea have adopted tax benefits designed to fit,their particular

ciroumatancea. We think the states should examine the use of

their taxing powers to foster both academic researoh and.moderni-

zation of the equipment it requires.

State procurement controla.also need attention. In general,

we th%-k they should be revised to suit the unusual nature of

scientific equipment. Such equipment should be exempt from

purohasing requirements designed for generic items like batteries

and oleaning materials, where brand-to-brand eifferences may be

insignificant. Each university should have the authority to buy

aoientific equipment without having rules imposed beyond those of

federal agenoies that fund, equipment.
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We recolmend that states consider revising their controls on

debt finanoing ao as to help public univeraities acquire acieo-

tific equipment. It would be helpful if debt financing could be

used to buy equipment independently of construction projects,

which now is not generally the case. It would also be nelpful to

recognize thatsciintific equipment may need to be replaced in

only a ,few years, 4althciugh accdired as part of a construction

project fiiinced'by 30-ydar 41ebt. Finally, we think that schools

ought to be".'permitted-to ideas reaearch,equipment for periods

longfe:thin the one or two-ydvir state budget period to which

they bra noi-oftin'hild. This restriction limits the institu-

tions' 0)111'4, to,irringe advantageous leases.

The universities themselves, public and private, funded

about one-third of major inatrumentation systems in use in 1982-

83, According to NSF. The school's deal with scientific equipment

in mint' wa) itiladdition to the cohduct of r aaaaa ch. They fund

equipment from their own resources, from gifts they solicit, and

from various forms of debt financing; they handle the purohaaing

process; they pay part or all of the costa of operation and

repair; they maintain equipment inventories; they help to opti-

mize the ahiring of equipment by investigators; and they handle

dispoaal of equipment no longer needed or useful.

Oiven this degree of involvement, one would expeot to find

opportunities to improve efficiency, and we did. The measures we

believe would help suggest that univeraities individually ought

to consider a more centralised approach than its now common in

their acquisitizn and management of research equipment. I might

point out that other presaures also appear to be pushing the
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schools. toward a more centralized approach in their operations in

general. These pressures inolude the growing interest in debt

finanoing and joint.development efforts with state governments

and industry.

We oopoluded that universities should plan their allocation

of resources more systematioally to favor research and rssearch

equipment in subject areas that offer them the best opportunities

to achieve distinotion. In other ucR'da, we recommend that

universities engage in more intense atra ,sic planning, with

partioipation by both administrators and faoulty. Hard decisions

may be required as A result of conscious strategic) planning, but

we think they are needed to optimize the use of tne funds

available.

We also recommend that universities budget sore realisti-

cally for W. costs of operating and maintaining research

equipment: As you.heird earlier, we think that federal agenoies

can help to encourage realistic budgeting through praotices

associated with their aaaaa rch-avard procedures. Lack of oper-

ating and maintenance costs ace serious and pervasive problems at

universities, and laok of planning for the full costs of research

equipment is muoh too common. User charges are often assessed to

cover aintenanoe and the coats of support staff, but they can

rarely be set high enough to recover full costs.

You also heard earlier that individual research awards

oannot usually accommodate costly equipment. While we believe

that federal agencies should make it easier to spread the costs

of equipment charged direotly to awards over several award years,
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we also recommend that university administrators and investiga-

tors more aggreasively seek acc-Iy approval to do,so.

Universities could facilitate timely acquisition of research

equipment at optimum cost by working to minimize delays and other

probleaa caused by procurement procedures. The purchasing

process, as I said earlier in regard to the role of the atatea,

ought to be adapted.to the specialized nature of the equipment.

Specialized.purcbasing entities or individuals can help. We also

recommend formal programs to explain to purchasing persounel and

investigators the needs and problems of each.

We believe that ,univeralles also should consider establish-

ing inventory systems that facilitate sharing of equipment by

ini.ratigators. The inventory systems encountered by our field -

research team were not generally useful ror this purrose, with

one exception- -the inventory set up by the researcr. equipment

assistance program (REAP) at Iowa State University. The REAP

inventory contains only research equipment. The program say not

be cost-effective for all univorsitlea, but we think that most of

themrwould find parts of it useful.

Another point tc Ihed on earlier i3 the choice of use

allowance or depreciation to generate !uncle for replacing equip-

ment. Ue recommend depreciation because the funds in principle

can be generated over the useful life rather than the unrealistic

15 years required by the use allowance. This recommendation

presumes that the university can negotiate realistic depreciation

schedules and dedicate the funds to equipment. You vill recall

that costs can be recovered by use allowance or depreciation only

for nonfederally funded equipment. I should add that both
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methods add to indirect coats, which are always under pressure to

be reduced and are partioularly contentious between academic

administrators and investigators.

We also recommend that un,,versitiea look for better and more

systematic ways to facilitate internal transfer of equipment from

investigators and laboratories that no longer need it to those

that could use it. Faculty at most schools now have no incentive

to transfer equipment, except the need for space, and every

incentive to hang on to it, just in oars*.

UniVeraities, as you know, have long used tax-exempt debt to

pay for major faoilities. Lately, they have been using this

method to some extent to buy research equipment. We believe they

should explore greater use of tax-exempt debt for this purpose,

ao long. as proper attention is given to the long-term conse-

quences. A basic requirement when assuming debt is a reliable

stream of inoome to pay it off. This commitment of funds cuts

into the university's flexibility in responding to new and

unanticipated opportunities. Also, debt financing obviously

increases the overall cost of scientific equipment to both the

universities and the external sponsors of research.

We recommend that vfliveraitiea develop their own expertise

on leasing and debt financing equipment. Outside counsel will

still be needed to issue major debt, but institutions should be

able to determine the true coats of debt finanoing and make this

expertise and related information readily accessible to research

administrators and prinoipal invea &gators. The increasing

complexity and variety of debt financing procedures and instru-

ments- -for any purposemnke it essential that universities fully

understand the marketOace.

Thank you for your attention. The third member of our

steering committee here today is Praveen Chaudhari, who will

conclude our presentation on the research instrumentation

project.
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Mr. BROWN. Dr. Chaudhari, could we ask you to bear with us for
a few moments while we go over and answer that rollcall, and then
we will come back and continue.

We will recess briefly, and I urge all the members to return
promptly.

(Recess.]
Mr. BROWN. The task force will resume.
We will' call on Dr. Chaudhari to proceed with his portion of the

statement.

STATEMENT OF DR. PRAVEEN CHAUDHAR2, VICE PRESIDENT,
SCIENCE, AND DIRECTOR, PHYSICAL SCIENCES DEPARTMENT,
IBM CORP., ARMONK, NY

Dr. CHAUDHARI. Mr. Chairman and members of the task force,
my topic is private support for academic research. Private support
for higher education, as the data compiled by the Council for Fi-
nancial Aid to Education show, has more than tripled from 1966
through 1983 to $5.15 billion. Corporate support has been rising
faster than other private funding and in 1983 comprised 21.4 per-
cent of the total. It is more than twice as likely to be earmarked
for research as are contributions from other private sources. How-
ever, corporate sources accounted for only 4 percent of the total
dollar value of academic equipment in 1982-1983. In comparison,
the National Science Foundation's survey of equipment in use in
1982-1983 shows Federal funding accounts for 54 percent, universi-
ty funding for 32 percent, State governments and other private
support for 5 percent each, of the total of approximately $1.18 bil-
lion.

How can we increase private support for academic equipment?
Before answering this question and making a set of recommenda-
tions, I should like to describe to you what we have learned from
our own survey about the reasons cited for corporate support of
equipment, the limitations on such support, and how support is
provided.

Equipment is provided to universities by corporations on a chari-
table or discounk-d basis for several reasons: to help sustain the
quali ty of teaching and of research; to expose prospective custom-
ers to their products: to get feedback on the performance of their
products and on need for new equipment; and to maintain good re-
lations with faculty.

Universities are a major market for scientific equipment. They
are also a major source of research results nvcaed by designers and
makers of such equiPment. These companies clearly have an inter-
est in the 'Academic world, .t they.ab. o have an inherent conflict
between charitable contributions and profit making.

Donations of equipmeu. usually do not cover the costs of renovat-
ing space and installing, operating, and maintaining the instru-
ment donated. These expenses can be a significant dart of research.

Universities acquire equipment from companies in many ways.
These include cash gifts, contract research, discounts on equipment
sales, industrial affiliate programs, research consortia, informal
loans and sharing of equipment, and, of course, outright purchase.
Donations of equipment recent years have been especially
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common in computing, microelectronics, and engineering. Compa-
nies often use discounts and flexible payment schedules to help
universities get - research equipment. One -manufacturer visited by
the field- research team - used a two-for-one discount on purchase of
new equipment .to generate goodwill and to start a series of infor-
mal eychanges between its scientists and investigators at the recip-
ient school.

We found that the tax benefits have several possible effects. The
tax situation seems to influence the size of contributions. Also, a
manufacturer may elect to sell costly equipment to a university at
a substantial discount rather than donating it outright.. Companies
have taken this tack both before and after the Economic Recovery
Tax Act, ERTA, of 1981, but the added tax benefits under the act
clearly could affect, the decision to sell or donate. In fact, a compa-
4 that wishes to help a university get qualified research equip-
ment but doesn't wish to donate it outright r,.n still get tax bene-
fits under ERTA by means of a bargain salea sale for less than
fair market value.

The Economic RecoVery Tax Act of 1981, as the task force knows,
was designed to -spur- technological development. The act provides
special charitable deductions fer scientific equipment given to a
university by its manufacturer. It also provides tax credits for com-
pany spending on research and development conducted inhouse or
by universities or other orgailizations. The R&D tax credit is sched-
uled to expire at the end cf this year.

As you have heard, 34 States whose tax codes follow the Federal
code have adopted the provisions of ERTA. Also, as of the comp'e-
don of our study, States, including some of the 34, had adopted
various additional tax benefits designed to encourage support for
research and research equipment: at-u.niversitiec.

It may not be possible to assess the impact of ERTA very accu-
rately, in terns of eeher the R&D tax credit or equipment dona-
tions. As you know, the results of extensive study presented during
hearings on the act in 1984 provided conflicting evidence of its
impact. Nevertheless, the consensus seems to be that biRTA, espe-
cially with certain modifications, should spur technological
progress as intended, partly by encouraging private support for
academic research and scientific equipment. We agree with this
view.

Let me return now to the question of how can we increase pri-
vat. support for- academic research and for equipment in particu-
lar. We- recommend that universities seek donations of research
equipment more aggressively. Although our full report gives the
elements of a donation strategy in some detail, let me stress a par-
ticular point here. We believe that personal involvement of aca-
demic.-researchers with the;r counterparts in likely donor compa-
nies is essential to cultivating the relationships needed to get con-
tributions of research equipment. Quite apart from donation of
equipment, such interactions are desirable for exchange of techni-
cal information which, in turn, enhances technological progress.

We recommend several modifications to ERTA.
First, we propose that the range -of equipment qualified for the

charitable donation deduction be expanded to include computer
software, equipment maintenance contracts and spare parts, equip-
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ment in which parts not made by the donor cost more than 50 per-
cent of the donor's cost in the equipment, and used equipment less
than 3 years old. Our arguments for these changes are as follows.
Computers are incomplete without software. Maintenance con-
tracts are valuable because keeping equipment in repair costs so
much that universities have sometimes declined donations because
of the maintena:-Ce expense. Companies that develop and make sci-
entific equipment are selling primarily their technological knowl-
edge, not their ability to make parts. For this reason, we -uelieve
the 50 percent limit on parts not made by the donor is unrealistic.

Next, we .propose that the R&D tax credit be made permanent.
We also recommend that the credit be revised to create a special
incentive for companies to support research in universities. As it
stands, ERTA gives companies the same incentive to contract for
research in academe as in other qualified organizations.

We propose further that the social and behavioral sciences be
made qualified fields of academic research in terms of both the
equipment donation deduction and the R&D tax credit. These sci-
ences contribute to the applications of other sciences and trachnolc-
gy, and social and behavioral scientists are increasingly using in-
struments in their research.

Our last proposal for'ERTA is that research foundations that are
affiliated with universities, but remah separate entities, be made
qualified recipients of equipment donations and R&D funding.

That, Mr. Chairman, concludes our presentation and the results
of the research instrumentation project.

On behalf of my colleagues, I should-like to thank you once again
for your attention.

[The prepared statement of Dr. Chaudhari follows:]
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Hr. Chairman and gentlemen:

I am Praveen Chaudhari, and I am Vice President for Science

in the Research Division of IBM. Hy topic is private support for

academic research equipment.

Private support for higher education, as the data compiled

by the Council for Financial Aid to Education show, has more than

tripled from 1966 through 1983 to $5.15 billion. Corporate

support has been rising faster than other private funding and in

1983 comprised 21.4 per cent of the tots,. It is more than twice

as likely to be earmarked,for research am are contributions from

other private sources. However, corporate sources accounted for

only 4 per cent of the total dollar value of academic equipment

in 1982-1983. In comparison, the National Science 7oundationls

survey of equipment in use in 1982-1983 shows federal funding

accounts for 54 per cent, university funding for 32 per cent,

state governments and other private support for 5 per cent each,

01 the total of approximately $1.18 billion.

Row can we increase private support for academic equipment?

Before alswering this question and making a set of recommenda-

tions, I should like to describe to you what we have learned from

our own survey about the reasons cited for corporate support of

equipment, the limitations on such support. and how support is

provided.

Equipment is provided to universities by corporations on a

charitable or discounted basis or several reasons: to help

sustain the quality of teaching and of research, to expose

prospective customers to their products, to get feedback on the

230

"



274

performance of their products and on need for new equipment, and

to maintain good relations with faculty.

Universities are a major market for scientific equipment.

They are also a major source of the research results neekled by

designers and makers of such equipment. These companies clearly

have an interest in the academic world, but they also have an

inherent conflict between charitable contributions and profit

making.

Donations of equipment usually do not cover the costs of

renovating space and installing, operating, and maintaining the

instrument donated. These exrenses can be significant.

Universities sccuire equipment from companies in many ways.

These Include east gifts, contract research. discounts on equip-

ment sales, industrial affiliate programs, research consortia,

informal loans and sharing of equipment, and, of course, outright

purchase. Donations of equipment in recent years have been espe-

cially common in computing. microelectronics, and engineering.

Companies often use discounts and flexible payment schedules to

help universities get research equipment. Lne manufacturer

visited by the field research team used a two-for-one discount on

purchase of new equipment to generate goodwill and to start a

aeries of informal exchanges between scientists and investi-

gatora at the recipient school.

We found that tax benefits have several possible effects.

The tax situation seems to influence the size of contributions.

Also, a manufacturer may elect to sell costly equipment to

university at a substantial discount rather than donatin6 it
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outright. Companies have taken this tank both before and after

the Scone:do Recovery Tax Act (81111) of 1981, but the added tax

benefits under the Act clearly could affect the Ceoision to sell

or donate. In faot, a °tympany that wishes to help a uni-eraity

get qualified research equipment but doeanot wish to donate it

outright can still got tax benefits under ERTA by means of a

bargain sale - a sale for ',use than fair market value.

The Economic Recovery Tax Aot of 1981, as the Task Farce

kt.:.ws, was designed to spur teahnologioal development. The Act

provides special charitable deductions :or soientifio equipment

given to a university by its manufacturer. It also provides tax

credits for company spending on research and development con-

ducted in-house or by universities or cther organisations. The

R&D tax credit is scheduled to expire at the end of this year.

la you have heard already, 34 states whose tax codes foll'w

the federal code have adopted the provisions of ERTA. Also, as

of the ooapletion of our study, Eleven states, including some of

the 34 had adopted various additional tax benefits designed to

encourage support for research and research equipment at univer-

Eli ties.

It may not be possible to thn impact or ERTA very

accurately, in terns of either the R&D tax credit or equipment

donations. The results of extensive study presented during

hearings on the Aot in 1984 provided conflicting evidence of its

impact. Nevertheless, the consensus seems to be that SETA,

especially with certain modifications, should upur technological

progress as intended, partly by encouraging private support for

academic research and $oientifio equipment. We agree with this
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view. .

Let me return now to the Question of how can we increase

private suppirt for academic research and for equipment in

Particular. We recommend that universities seek donations of

research equipment more aggressiVCIY. Although our full report

gives the elements of a donation strategy in some detail, let me

Stress a particular point here. We believe that personal

involvement of 'academic researchers with their counterparts in

likely donor companies is essential to cultivating the relation

ships needed to get contributions of research equipment. Quite

suart from donation of equipment, such interactions are desirable

for exchange of teqhnical information which, in turn, enhances

technological progress.

We recommend several modifications to HATA.

First, we propose that the range of equipment qualified for

the charitable donation deductiol be expanded to Lucinda computer

software, equipment maintenance contracts and spare parts.

equipment in which parts not made by the donor cost more than 50%

of the donor's cost in the equipment, and used equipment less

than three years old. Ow arguments for these changes are as

follows. Computers are incomplete without software. Maintenance

contracts are valuable because kuiping equipment in repair costa

so much that universities havo sometimes declined donatious

because of the maintenance expense. Companies that develop and

cake scientific equipment are selling primarily their technologi

cal knowledge, not their ability to make parte. For this reason,

we believe the 50% limit on parts not made by the donor is
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uprealistic.

Next, we propose that the R&D tax credit be made permanent.

Ike also recommend that the credit be revised to create a special

'incentive for companies to support res arch in universities. As

it stands, BETA gives companies the szme incentive to contract

for research in academe as in other qualified organizations.

We propose further that the social and behavioral sciences

be made qualified fields of academic research in terms of both

time equipment donation deduction and the R&D tax credit. These

sciences contribute to the applications of other sciences and

technology, and social and behavioral scientists are increasingly

using instruments in the &r research.

Our last proposal for MITA is that research foundations that

are affiliated with universities, but remain separate entities,

be made qualified recipients of equipment donations and R&D

funding.

That concludes our presentation of the results of the

resqaroh instrumentation project. On behalf of my colleagues, I

would like to thank you once again for your attention.
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PANEL DISCUSSION

Mr. BROWN. Do we have statements from Mr. Goldberg and Ms.
Woolsey?

Mr. GoLuzEnu. There is none from us, no.
Mr. BROWN. Or are you here to correct the mistakes of the

others?
Ms. WOOLSEY. No, thank you, Mr. Chairman.
Mr. BROWN. Mr. Lujan, do you have any questions?
Mr.'LUJAN. Thank you, Mr. Chairman.
Two things occur to me as I listen to ,the testimony. One is to

give the university more power in making determinations. We face
that in the case of the problem we have in South Africa and Nica-
ragua and in El Salvadorthe sharing of power. That is a very dif-
ficult thing to have somebody do, and I didn't realize we had that
problem at the universities as well.

The other conclusion thatat least the thought they haveis
that all of the testimony am: the report talk about ways of the uni-
versities getting the money to buy the equipment, but it seems like
the study did-not include the university responsibilities. I guess it's
just assumed that they will use the equipment intelligently if given
to them.

Did that part come up at all in'your deliberations? I don't find it
in the report in any event.

Dr. ZDANIS. Certainly the backbone of the research support pro-
gram for the country has been the individual research project
which undergoes peer review, and we certainly have encouraged
the maintenance of that as the primary research funding mecha-
nism, and under peer review we assume that the best projects will,
in fact, continue to be funded, and the 3)oorer pro,;-vts will not be.

Mr. LUJAN. Peer reviewjust changing the subject a little bit
has come under quite a little bit of discussion in the Science Policy
Task Force. It's the result of 10 or 20 universities getting all of the
money. Is that the same for instrumentation? Are the same 10 or
20 universities that get the top grant dollars also getting the top
moneys in equipment?

Dr. ZDANIS. Well, I would dispute the 10 or 20 institutions slight-
ly. The number of institutions that share in university research
dollars as supplied by the National Science Foundation, that set of
numbers, that certainly has institutions in the hundreds that are
sharing in the percentage.

Mr. LUJAN. But percentagewise, what is it? Something like 75
percent or something?

Mr. BROWN. I should iii.errupt the gentlemen to indicate to Dr.
Zdanis that some members of the task force are a little biased ix:-
cause of the small States that they come from, as you know.

Mr. LUJAN. Or because of the large States they come from.
Have tax creditsbefore that, let me ask this. You mentioned

the Iowa State University REAP Program which is a good example
of how things should be managed. Why don't the others do that if
that is a good way of doing it?

Dr. HUNT. I mentioned that, Mr. Lujan, I thinir the inventory
systemsmost schools do have inventory systems *Aid are required
to have .ti in, What we found is that they have not been using
those sylateins other than for recordkeeping. They have not been
using them as a management tool, and with the exception, I think,
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of thewhere we found in the REAP case where a system was
being used, as a management tool for effective transfer of equip-
ment from one lab to another and to avoid duplication of equip-
ment. There is a good screening policy tnere.

Our recommendation is that institutions ought to make better
use of inventory systems and using REAP programs as an example.

Mr. LUJAN. Certainly sounds good.
What effect has the tax credit for private, sector entities had on

giving to universities of both equipment and research credits? Has
it been good and substantial or what ?.

Dr. CHAUDHARI. Our survey found almost unanimously in a sense
that, the Tax Act encouraged people to donate, but when corpora-
tions look to give equipment or donate equipment, they look at it
first from their own point of view, what it means to them, and
after they determine that, at that point they look at the donation
and tax benefit that accrues from that to decide how much to give
and whether to giveit as a bargain sale or donate it outright. So, I
think it plays a substantial role once the decision. has been made to
go ahead,and donate equipment.

Mr. LUJAN. I think you are absolutely correct. One of the things
I ran into while I was at home is ,a large company making a sub-
stantial donation of equipment to one of our universities. And I
gathered that if they gave this big piece, of equipment, then their
system mould be the primary one in the universityrather than
the whole tax credit question. That is:just a little icing on the cake.

Dr. CHAUDHARI. Yes, that has been our experience, yes.
Mr. LUJAN. One other question. What about joint use, like the

computer centers that we are establishing? Do you find that an ef-
fective way of equipment utilization? Give me your thoughts on
that.

Dr. CHAUDHARI. It's a little early to assess the supercomputer
centers. It's been our experienceI say "ours," I mean IBM's expe-
riencewith the Cornell Center where we made donations of equip-
ment and are working, with them. We have people assigned there.

In fact, it's our intent to see how much we can use within IBM
that center for our min work, so we are interested in that center
for a variety of reasons ,quite apart from having a center available
to others. We would like to see how we can explore the use of that
for our own research.

Mr. LUJAN. Do you foresee a lot of university use of itother
universities?

Dr. CHAUDHARI. Yes, and other corporations also. For example, a
number of corporations have expressed °interest in this, at least
from newspaper accounts, in joining the Cornell Center to use their
equipment.

Mr. LUJAN. Do you find that to be the case, that the equipment
is available at many laboratories that the Government owns all
over the country, that universitites have access to them?

Dr. CHAUDHARI. I think the university community is very di-
verse. The scope of research goes all the way from a one-man effort
to groups of efforts, and also the kinds, of research we do is very,
very varied, and what you find is, as you talk to people, where
people have a need for a particiar piece of equipment, and they
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don't have access to that equipment in their own university or it's
too expensive, they will make contact there ac much as they can.

A good- example of that is, of course, our National Synchrotron
Light Source. Its expensive, and it's centralized. A large university
faculty combined with university and industry can own a beam
line. there to. do ,research. I know of examples in our own corpora-
tion, and Iknow other corporations do the same.

So, you will find, where there is a special piece of equipmen5
which is expensive and specialized, that industry, uninrsities, and
national labs will get together, but is it as, you know, coannon as it
ought to be? That is hard to answer.

There are those who feel it isn't worth their while to go all the
way to, a Government lab to do something that may be 700 miles
away, or they don't have a travel budget, or their are other restric-
tions on priorities and research results which they don't wish to
share.

Mr. LUJAN. From the standpoint of the laboratory, do you find it
readily accessible?

Dr. CHAUDHARI. The big industrial labs are accessible to the uni-
versities.

Mr. LUJAN. I am talking about the national labs. That is, the
ones we have control over.

Dr. CHAUDHAIU. Yes, I see. At least our experience has been that
they are very open and receptive to ideas. If you have research you
would like to pursue, fine, and it's something they have available,
they are receptive.

Dr. ZDANIS. Certainly from the university point of view, they are
very accessible, yes. There are two types of research insLiuraer te-
flon, and I would like to draw the committee's attention to tnat
once more.

There are the instruments used mainly for service, making meas-
urements on a repetitive basis, et cetera. Those types of instru-
ments are very amenable to sharing. But there are other types of
instruments where you are trying to push back the boundaries of
what is meaimieble or to change the technique for mrssurement.
Those you have half apart most of the time. You are changing
things. It's not really feasible to share those types of instruments.
Yet, they may.be equally expensive. So, some things are feasible to
share, others are not. The cost of sharing not only includes trans-
portation to remote sites, but it includes the removal_ of that par-
ticular expert from his home base snit to somethe reason for an
expert to be at a university is to provide informatin to his col-
leagues, to teach the students who are there, and then he is off at
some remote site doing research. As good as that might be, he is
not available to his local community, and that is a raal cost.

Mr. LUJAN. I was thinking mostly in terms of my home area
where, fortunately, we have superb national laboratories right at
our back door. But I understand.

Dr. ZDANIS. You are particularly advantaged.
Mr. LUJAN. Thank you.
Thank you, Mr. Chairman
Mr. BROWN. Mr. Morrison.
Mr. MORRISON. Thank you, Mr. Chairman.
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I have questions in two areas. First of all, obviously some of us
do have our biases as to particular institutions, and I happen to
represent. a rural area that has several smaller universities. I be-
lieve Chairman Fuqua has, in a bill that he has introduced, Mr.
Chairman, a provision that a set percentage of funding be made
available for smaller universities. Do you have any reaction as a
group to that sort of a concept?

Dr. ZDANV3. Perhaps we should ask the association members to
respond to that.

Mr. GPLDBERG. That is a particularly difficult question. One
would, et least I guessI will express an opinion. I would prefer
that we deal in terms of good" science and merit of the best science,
if you will, and that both grant funding and equipment programs
go where the best science is being performed.

I also worry about set-asides. No matter what position you take,
you have to wonder when you do that whether all of those funds
are being well spent. That doesii't mean that you will always make
the right decisions when you chooso merit.

I don't know how else to answer that. I am not for set-asides, and
I am not against a set-aside, but I view that as a set-aside, and I
worry in some way that that money goes where it does tY, a most
good.

Mr. MORRISON. We don't have the privilege that you have, bosh
for and against set-asides. I can certainly see your point. I guess a
concern I have is that we are includedand I look at your fipres:
54 percent of the investment Federal, 32 percent State. Obviously
these are taxpayers' dollars, and we would like to buy the best sci-
ence with that investment. However, I think there will probably be
a tendency to say, "Let's see if we can spread this across the face of
the country a little more than to a selected group of institutions
who,by their reputations have established outstanding records of
good science." Well, I guess we will return that particular decieon
to the political arena, Mr. Chairman.

The other question I had in just glancing through your reportI
last get into the details of the blue book which, of course, is the
complete report I noticed, Dr. Hunt, in your comments you men-
tioned leasing twice, but only in two particular ways. One is that
there should be longer lease opportunities for State or institutions
that have only 1- or 2-year State budgets to work with, and the
other was to develop more expertise at the university level on leas-
ing than long-:term debt structuring.

I wonder if rur panel spent any amount of time, perhaps, on a
new innovative approach on leasing to encourage leasing of equip-
ment. It was. mentioned that the tax incentives we have provided
have encouraged businesses to make equipment available on some
basis to university programs, but is there a possibility going w-th
more leasing since the life of this equipment seems to be shirt and
maintenance is a problem? Should we devise at the Federal level
some mechanism using tax incentives, and perhaps other financial
rewards, or leasing programs in which the university would actual-
ly not acquire equipment, but in response to a research' grant, that
equipment could be leased for the tenure of that particular grant?

Dr. Hum. Certainly a lot of leasing is going on at the present
time. I think our review of the situation would indicate that, first
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of all, leasing is costlyis a more costly approach, and I think you
have- to look first at whether it's financially advantageous to
whether you should own the equipment or whether you shouldlease. In other words, there may be a financial advantage to
owning-equipment if it's not going to become technologically obso-
lete than-a long-term 'lease where it would be a much more costly
approach. There are innovative ways, however, to structure leases
so you can obtain ownership at the end of the lease, and institu-
tions have used municipal leases where tax exempt rates are oftained.

I think in the report-we review a whole range of financing ap-
proaches; some of which result inmost of which result in owner-
ship of the equipment as opposed to simply leasing the equipment.
But the advantage of leasing, as I see it right now, is the ability to
spread the cost over a period of years -as opposed to having to pay
for the equipment up front. Most grants do not, or a- project-orient-
ed system..does not - provide- sufficient funds to acquire or provide
for of ll cost of the equipment up front. But it has to be paid for,
and paying- for it over time has pushed- People into leasing as op-

to purchasing and has then pushed people into innovative
forms of leasing which result ultimately in ownership. I guess my
problem is that leasing tends to be at a higher cost.

Mr. MORRISON. The cost you don't write off as a tax advantage to
an institution ,becauseit's automatically exempt anyway.

Dr. Hum.. That is right. And we reviewed carefully, and with
our consultants, alternatives financially that are being used in the
marketplace today, various forms of tax exempt financing.

But again, the big problem is who will pay for it ultimately? In
other words, the debt has to be repaid, and the interest has to be
repaid, and that has been without an assured or a systematic and
rational basis of payment which, down the road, has sort of pre-
cluded people from institutions getting heavily into the debt financ-ing arena.

Mr. Moaaisox. Is it
Dr. Hum. I don't know that I have answered your question.
Mr. MoRaisox. Well, you helped, and obviously you have given

- the issue some thought, and that was my basic question. Is it of sig-
nificant importance that an institution, as a result of a research
grant, end up with the equipment? The equipment being there
means that somebodywill do something with it, and it adds to the
ability of that university to attract other research efforts or to be
attractive from an academic point of view, at least.

Dr. Hum. Yes, I think it is. Once you have ownership, too, you
have the ability to work hard towards transfer of that equipment
among laboratories so that it remains a useful piece of equipment,and that you only pay for it once. That is why I think that just a
straight lease is not always the best approach.

Mr. MORRISON. Thank you.
Thank you very-much, Mr. Chairman.

,Mr. BROWN. Mrs. Meyers.
Mrs. MEYiRS. Have weI'm sorry I didn't get here for the earli-

er part of-the presentation. I was at another meeting.
I presume that the equipment we are talking about is primarily

computers?
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Dr. ZDANIS. No, ma'am.
Mrs. MEYERS. Tell me what other kinds of equipment we are

talking about.
Dr. ZDANiS. Scanning electron microscopes, mechanisms to assess

surface phenomenon, materials handling equipment, materials con -
struction equipment, instrumentions to measure radiations, both
optical and nuclear, in order to assess all kinds of properties of ma-
terials. So, there are a whole range of important university re-
search, equipment which are not computers at all. Many of them
are now incorporating computer components in order to help the
data analysis and data gathering' components of that equipment,
but that is not the primary focus of the instrument itself.

Mrs. MEYERS. Has this problem always been with us or is this
something that has happened fairly recently just because of the
amount of equipment that has been developed and the fact that it's
outdated earlier?

Is this a newI was on the 1202 commission at the State level,
and I don't recall that this was as much of a problem with our
State universities at the time. That was in the 1970's, however.

Dr. '.ZDANIS. The development of sophistication in equipment has
certainly escalated recently, so that the equipment becomes obso-
lete much more rapidly now than it did 4 or 5 years ago. The tech-
niques that are being used in various fields are also changing
rather rapidly. If I can take an example from the medical commu-
nity, there are PET scanners and CAT scanners and NMR devices,
none of white really applying to those fields 5, 10, 15 years
ago, so the techniques are changing fast.

That is hurting. There is no natural law which says how equip-
ment needs to be used. The scale that we have to use for universi-
ties is what competition has out there, because the reason for the
universities to be in the research business is to be at the cutting
edge. The cutting edge is defined by whoever is doing the most ad-
vanced work, whether that be within the university community,
within the industrial community, or in the foreign countries. It's
that scale, that measure, that we are using to analyze the proper-
ties of the university state right now.

Mrs. MEYEas. When you talk about private support and that we
need more private support for the kinds of training equipment that
we need, I guess, in my experience, contributions to university re-
search have usually__been dollars.

Dr. CRAUDHARI. That is correct.
Mrs. MEYERS. Do these private concerns, either corporate or

others, designate that they want this to go for scholarships or some
special thing? I don't know why these dollars are not being used
for equipment, I guess, is what I'm saying. Why is this a problem
always?

Dr. CHAUDHARI. I think two points are -r be kept in mind. First,
the private contribution of equipment is a very small fraction of
the total needs of the Nation. Right now, it's about 9 percent. At
least in 198283, the National Science Foundation survey found
that private equipment contributions amounted to 9 percent of the
equipment the universities used.

Private support has increased substantially over the last decade,
most -of it from corporations which tend to be more and more ear-
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marked for research and development. However, corporate support
comes in many forms. For example, if I am working for a company,
then if I donate $100 and the company will double that and will
give it to the university, I must specify I wish to eve it for a gradu-
ate fellowship, or I may specify to just go to a department, and the
corporation will simply match that without specifying that, "No,
the $200 I gave should , go somewhere else." So the support that
goes to universities comes in many different ways. Most of it is not
specifically earmarked that it should go for equipment. Should it
be so earmarked? That issue is complex because the amount of sup-
port and the way the support gomin can be very small or it can be
quite large. It would be a difficult thing to do.

Mrs. MEYERS. Thank you.
Dr. Hum. I might add most donors do designate a program or an

iactivity they want their donation to support which is a restriction
that institutions obviously abide by, so that scholarships or endow-
ment shares is the way it has to be.

Mrs. MEYERS. Do you find the States are establishing consortia of
all of their universities and working together or do we need to do
more that? I just think we are going to see fewer dollars being
available from the Federal level, and certainly while the States are
more solvent than the Federal Government, a lot of States have
problems too. And I think that unless we can pull more from the
private sector, the dollars just won't be there. And I don't know if
we can do that, So it looks almost like our emphasis should be in
trying to get people to work together or some other devices along
that line rather than just saying, "We need more money," because
obviously we do. And I wish it were there because I'm very sup-
portive of what you tire saying.

Do you find that States are working together within their bor-
ders?

Dr. HUNT. The first thing we have to do, I think, is sell States on
the idea that they have a very important role in research. I think
that State funding has by and large been focused on the instruc-
tional aspect and missions of the institution and has not, except for
land-grant schools, I think, has not extensively supported research.
So, we have the first hurdle of getting a recognition at the State
level thatthat is in our reportgreater recognition at the State
level that they have a role to play and that increased funding is a
a part of that.

I think because the problem is so widespread and is getting a lot
of publicity, I think there is some recognition now at the State
level just beginning to emerge, so to speak. It's a time and activity,
now, to be expanded. States have net seen that as their role, neces-
sarily.

Mrs. MEYERS. It's beginning to happen, but maybe notI think
it's beginning to happen for economic development reasons.

Dr. Hum. That'.. correct.
Mrs. MEYERS. In E me respects, States are saying we want some

high-tech center, air ley know that to do that, they have to have
a really solid resear institution in their State, and so they are
going to go that way.

I know that we have du -ral things. One of the things we
did in Kansas was to have Stak deductions for any contributed

17;
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computer equipment or any other equipment that could be useful
hi. research and a lot of tax deductions. I imagine a number of
States have gone that route, but in terms of economic development,
I think they are going to begin to see more emphasis there.

Dr. ZDANIS. I believe you are correct. For private donations to
universities,, the ERTA tax law alio wa's designed. One of the sec-
tions of it was designed to enciairage, that, and it has worked in a
number of 'case's. So, one of the reasons that you see some more of
the private. sector donations being targeted to instrumentation is
because of theeffect of. that particular law.

Mrs. MEvErii Thank you.
Mr. BROWN-Mr. Faivell.
Mr. FAwELL.",..Thairk you.

Baowx.,Could I ask Mr. Walgren if he would be kind enough
to chair?

Mr. WALGREN [acting .chairmanj. Yes, of course.
. Mr. Fawell, you may proceed.

Mr. FAWELL. Thank you, Mr. Chairman. I apologize, too, for
being Johnny-conie-lately, not only to this meeting but to the Com-
mittee on Science and Technology.

One question that ,I have that dovetails the previous question a
bit is I gather most of the Federal contribution is research, and the
equipment comes in as part of the research grant. Is that a fair
statement?

Dr. ZDANIS. A fair statement, yes.
Mr. FAWELL. What about separate programs which are geared

only to equipment purchases and, throwing in also matching fund-
ing that would ..be required, andthen I will stop there. I have, a
question beyond that, bat what about separate programs?

Dr. ZDANIS. There area number of agencies now that are trying
that as an anxilliary emphasis. The Department of Defense, for ex-
ample, has run that program for 2 years now. The National Sci-
ence Foundation is starting that. Yes, that is a fine catchup mecha-
nism for addressing this particular program. It has done well. We
hope that other agencies will include that in their programs, too,
and that funding be allocated for that purpose.

Mr. FAWELL. Does that require you, usually, to have matching?
Dr. ZDANIS. It does usually require matching.
Mr. FAWELL. On what percentage is it, by and large?
Dr. ZDANIS. Fifty percent is not atypical. One of the difficulties

with matching is that it's not necessarily specified, and so there is
a lot of negotiation about what percentage that must be, and that
present, the universities with a great deal of internal deliberations
as to how to try to bid for this. If we are in a program where there
is only, a probability of 10 percent that we will get one of these,
should we allow 10 investigators- to :go forth and take an average
that we will not have to provide the matching funds for all 10 in-
struments? We get to play Russian roulette to some degree.

Mr. FAWELL. One other point. Several weeks ago, I heard our
new Secretary of Education make the statement that some of our
more well endowed universities haVe indeed got tremendous in-
creases and really were notcould not beclessified as financially
needy at all. Have you considered the idea of a financial need
factor? This gets back to the question of some smaller universities
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and colleges that may indeed need more attention here, and some
of the very, very well endowed ones that may not be eligible. I'm

about a financial needs test, for instance. How would that
strike

Dr. ZDANIS. One the problems with establishing financial need
is "OOmpared to what?" If you coMpare it to aspirations, the needs
of some of the more well- endowed institutions may, in fact, be as
great as those of some smaller 'institutions.

Mr. FAViELL. AbSolutelY, yes.
Dr. ZDANIS. So, it's against that measuring' stick that I have diffi-

culty even trying to respond to your question. I know that some of
the places where more research is currently done are probably the
places where some of the big step functions can occur and where
industrial communities maybe willing to participate in joint ef-
forts where they may not be willing to participate in efforts at
other institutions. So, against that much larger need, they may be
financially deprived.

Mr. FAWYLL. Do our agencies, at any time, though, take a look at
what funds` indeed may be available by a given university and say,
"Well, look, you have a worthy project"say Harvard or Yale
"obviously there are programs there that would be more advanced
with greater" aspirations," and all that. But you are very well-en-
dowed, and perhaps a much higher contribution factor ought to be
considered in reference to your project, lofty as they may be in the
interests of being able to have elementary-up service equipment for
a greater number of our universities.

Dr. &Axle. That negotiaon takes place every day between the
prograin administrators and the principal investigators.

Mr. FAWELL. It does.
ZDANIS. And the program administrator will say, "Gee, that

is a great iMject. Why don't you go see your dean and see how
much more nicsny you can get out of him?" By George, the princi-
pal investigator will be in the dean's office that afternoon.

Mr. FAVVELL. Thank you.
Thank.you, Mr. Chairman.
Mr. WALGREN. Thank you, Mr. Fawell.
Dr. Zdanis, you start out your testimony focusing us on the effi-

ciencies of procurement and so on, and yet, obviously, there is a big
dollar amount involved someplace. How much is it?

Those reeommendations for changes in operation procedures
might make things work very.well and-critically better for an indi-
vidual project. On a percentage basis, how much cif our problem do
you see as solvable by efficiencies and regulatory controls as op-
posed to the need for new funds?

Dr. ZDANIS. A very small percentage, very small percentage.
Mr. WALGREN. Certainly it's a high frustration factor.
Dr. ZDANIS. Very lie: frustration factor, and it produces nothing

of value for the country, and therefore we shouldn't be doing some
of these things.

The other-thing that some of the barriers produce is a lack of
leverage or the Federal funds which are available to commingle
them and use them with other resources, so that even without ad-
ditional 'moneys, different sources of funding can be brought to
bear on the problem.
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We would like,to Temove those barriers.
Mr. WALGREN. In your explorations, did any problems with the

manufacturers of equipment, being in a position to be overreach-
ing, raise theirraise the specter of the funds being taken advan-
tage of by manufacturers of unique equipment? There are allega-
tion; of goldplating of instruments that would not be necessary for
the experiment that would deliver more money to the manufactur-
er. Is that a problem in this area that we have to be on guard
against?

Dr. ZDANIS. We did not see any, I don't believe. I don't believe
that it's a 'problem. The type of instrumentation we are speaking
about has a fairly narrow market. It's like selling automobiles to
race car drivers who know everthing about automobiles.

These are the people who use, design, and to some extent, en-
hance the design of equipment that you are trying to sell the com-
mercial product to. You can't easily snooker them with additional
goldplated items.

Also, the limitation of funds is such that the principal investiga-
tor will be negotiating with the purveyor of the instrument to take
all of the things that may add to the cost, but don't provide the
fundamental focus of the instrument. In fact, that happens to a
detrimental extent- to some degree. Some major pieces of data ac-
quisition equipment may be withdrawn from the purchase order in
order'to get the price down that can be afforded, and so the instru-
ment doesn't produce the amount of data in a timely manner that
it could be doing if they only had the ability to have this extra
piece of `equipment. So, I see the problem in exactly the reverse.

Mr. WALGREN. Instinctively, where there is a Government pocket
used to pay for the- process or an effort, and the funding may be
understood to be forthcoming, the buyer of the equipment, under
thoge circumstances, would not neceisarily be competitively sensi-
tive to holding costs down. I don't have any experience in that
area, but I'm just trying to dig through you people who have
looked at it and dealt with it somewhat, and see whether or not
there is. a substantial problem of overpayment for what are, admit-
tedly, unique items. If not, it would seem that we could be, per-
haps, less regulatory in our approach at OMB and other places.
But if it's a problem, of course we have to be moreon guard.

Dr. ZDANIS. I would like to give a quick response and turn to
iRay. I do not know a principal investigator who is funded at such a

level that he would not take every available dollar and use it for
another purpose if he could avail himself of those additional dol-
lars. So that the principal investigators, because they're trying to
get out more research, will' be very, very prudent and have been
very prudent about spending those dollars in the most efficient
way.

Mr. WALGREN. Does the role of a principal investigator being
confronted with a sole source for something he needs put him in an
untenable position?

Dr. CH.AUDHARI. There are very few pieces of equipment where
you have a sole source. It's a fairly competitive market.

Dr. Hum. The one comment I would like to make is we all do
have our own purchasing departments, not just a principal investi-
gator involved in this. There is also, in a major university, a cen-
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tral purchasing unit which is very much involved. It's sort of a
team approach in terms of the acquisition of equipment. As one
who comes from a State university, we have a State purchasing de-
partment' that is also, involved, and in fact, until recently, we were
very tightly controlled-by State procurement regulations. That has
now, at the State level--one of the advantageous things that has
happened-to usthe State now has delegated to the institution pro-
cureinent authority which has substantially enhanced, really, our
ability to meet the researchers' needs on the one hand, and still
have a central overall policy that would, I think, preclude the kind
of thing you are talking about. So, we have not experienced that in
our case.

Mr. WALGREN. Thank-you.
'Mr. Lewis.
Mr. !awls. Let me also apologize for not being here for your

presentation, but skimming through it, it looks very thorough.
On page 10 you have a recommendation that something be done

to make ,prior apProVal less cumbersome. Can you give me a sce-
nario of what you mean there, such as setting a $10,000 minimum
level for the universities' inventories?

Dr. ZDANIS. Right now, in order to abide by the regulations in
A -21 and A-110, in order to assure that we are not duplicating at
piece of eqUipment within the university that is available for re-
search, when a principal investigator puts forth a purchase request
to the purchasing department in the institution, he has to screen
their inventor.y to see if that piece of equipment is available for use
within the institution. The screening now has to occur if that in-
strunient is more thrill $300. We claim that that requires an awful
lot of additional p4perwork and screening burden for a dollar level
which is really not prudent to share. You would capture, in that
case, capture a majority of the value of the inventory and cut down
a majority of the paperwork by raising the level at which that
threshold screening must occur to a reasonable level like $10,000.

Mr. LEWIS. I see. You also mentioned equipment sharing. Are
you speaking of within the university itself or with other universi-
ties in close proximity?

Dr. ZDANIS. Yes, both.
Mr. LEWLS. That is all I have, Mr. Chairman. Thank you.
Mr. WALGREN. Thank you, Mr. Lewis.
We have a vote on now, and if you have the time and could sus-

pend for 10 minutes, it would make sense, I think, to allow us to
vote.

Let me ask Mr. Volkmer if he wanted to ask questions at this
point.

Mr. VOLKMER. No questions.
Mr. WALGREN. I hate to keep you here for just a couple of things

that I might have from scanning your statement.
Can I ask when we say this problem is a problem that is so sub-

stantial it, can't be solved except by a sustained investment pro-
gram, can we put a dollar figure on the problem? Laboratories
would' have to roll over their equipment every 5 years, apparently.
Are you able, in this report, Dr. Zdanis, to put a dollar figure on
size of this-problem?

695



289

Dr. ZDANIS. No, we did not ,investigate that. We understand there
are 'additional ,efforts underway to try to establish what that level
is, but we did withinthis report address'that problem.

Mr. VOLKMER. Could I ask a question in that ,regard?
Mr. WALGREN. Mr. Vollmer.
Mr. Wilmal. The university research community would be very

hesitant, I'm sure, to recommend that we increase -funds for equip-
ment,,research equipment, while-we decrease fundsproportionately

infor act' research grants. Why not?
Dr. ZDANIS. That is certainly correct.
Mr. VOLE:MER. See, the 'trouble we have with these deficits is

where do we find the extra.money?
Dr. ZDANIS. I understand the problem.
Mr. VOLKMER. One thing is.to take it out of the present amount

and earmark it for equipment, but the other is to add. Where do
we get the additional?

Dr. ZDANIS. I understand the problem.
Mr. VOLIEMER..Do you have a situtation where we can find it?
Dr. ZDAN73. No, I do not. I don't have the global view that you. do.
Mr. VOLKMER. I agree with you on that, but I think you under-

stand the problem.
Dr. ZDANIS. I understand the problem, yes.
Mr."WALGREN.;AS I understand it, a substantial amountyou in-

dicate a majority of support for equipment is obtained in the proc-
ess of competitive proposals, approval of competitive proposals. If a
substantial part of the equipment is obtained in that way, where
does the overall relationship of the equipment that is actually pro-
curedwhere is that taken into account?

If one research project is particularly interesting to NSF that
doesn't mean that that equipment fits with any other more com-
prehensive approach towards the laboratory that is involved.

Dr. ZDANIS. Remember that before a proposal is allowed to go for-
ward to an agency, the university has signing procedures that it
goes through. At our institution, the sponsoring project office has
to sign it, the department chairman has to sign it, the dean has to
sign it. The institution undertakes an obligation also when it ac-
cepts a research proposal and, therefore, the proposals that they
allow to be submitted to the agency do, at some level, have an in-
stitutional goal.

Mi. WALGREN. I see. We have a vote here, and we should break.
If I could ask you to just suspend for a couple minutes. I will

come right back, and it will not be long.
Dr. ZDANIS. We would be privileged to.
Mr. WALGREN. The committee will recess for this vote.
[Recess]
Mr. WALGREN. Gentlemen, I appreciate your staying on. I don't

know how much more we should explore for the record. I was a
little reluctant to simply stop because we had a time pressure of
the bells.

Doesn't the universities' interest, in a sense, run counter to peer
review interest! of the agencies in selecting the most interesting
projects to them? Wnen you say that we snould be assured that
there will be some coordination of instrumentation because the
proposals, competitive proposals, are reviewed by the university,
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what ;might be of moist 'interest to the National Science Foundation
might, not,fit mith thet university's equipment acquisition program.
Wouldn't that ibe.not -necessarily something we could rely on to co-ordinate these matted?

Dr.',2nArns. That is certainly true. There are, of course, the spe-
cialika equipment grants which are available to help us in that
regard, and:theie iethe private sector that we call on- periodically
for both; instrumentation itself and the funds with which we can
purchiiik instrumentation.

From a Coordination
Mr: WALGREN. FOur,perceht.
Dr. ZDANIS. Four 'percent. That is true. But to a considerable

degree, the kinds of things the university will be interested in fos-tering are those whe the investigators are meritorious
enough to beeble to get

re
research grants.'

We think that it enhances the viability of a proposal to 'have it
presented in a way which can be coordinated in efforts across the
institution. So, although they are not identical, they are certain-
lythey are looking at the same problem, and they are not as dia-
metrically opposed as you may imagine.

Mr. WALGREN. I wonder if there is any way to have an instinct
for or general impression of the' degree of° instrumentation as pro-vided by special instrumentation program for the -Federal GOvern-
ment?

As I understand, it, the Defense Department has a particular pro-
gram that is instrumentation design. The National Science Founda-tion tries to take it into account even though theyI don't knowthat they are a line item in the National Science Foundation in-
struuentation accountbut the point is that the Federal Govern-
ment provides 54 percent of all the instrument funds, and a portion
of that is coming under specific instrumentation programs comingfrom the Federal Government. Do you have any instinct for the
matter of how large that proportiOn is? How much of our instru-
mentation is done indirectly, and how much of it is from the Feder-
al levelis being done directly with the purpose of providing theinstrument?

Dr. ZDANIS. I would turn to Milt.
Mr. GOLDBERG. I can't give a percentage answer. I only know

that the largest proportion is being provided by individual projectgrants.
Mr. WALGREN. So, the larger amount would come through the in-

direct method, obviously?
Mr. GOLDBERG. I don't know if I would call it indirect, but cer-

tainly individual projects, at least.
Mr. WALGEEN. You folks would advocate a separate program of

grants for equipment only? I gather the problem is large enough
that you would like to see the Federal Government involved in this
with a separate program for equipment only that presently doesnot exist.

Dr. ZDANIS. These have been very helpful where they have oc-
curred, and we would encourage other agencies to do likewise.

Mr. GOLDBERG. We would advocate a whole range of activities of
which that is one. As we suggested in the recommendations, there
are a number of changes that could be made in Federal regale.-
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tions, and the universities could tidy up a little, but it takes a
range of those activities ag well as direct Federal investment, and
as you say, indirect Federal investment and institutional invest-
ment,,to really deal with the ai.oe of the problem.

Mr. WALGREN. Do ,you feel that there its a need for a mechanism
to coordinate the efforts that we are making to solve this problem?
Suppose you had a direct Federal instrumentation grant. Then you
have the competitive applications, then the private sector coming
in with '4 percent, the,umversities with 32 percent. Ifwe are falling
short, obviously somehow we have to set prioritied to fund some
areas and not others. Even if we are not falling short, it would
seem that there would hive to be a constant monitoring and ad-
justment-, and an attempt to backflil where deficiencies are noted.
What do we have that we can hold out to the public that they
should be assured that that will happen effectively?

Dr. HUNT. Two things come to mind. One is that any program
should build in it, it seems to me, incentives that would enhance,
incentives that would enhance other sources of support such as in-
creases in State and industrial funding, so that you don't want to
create something that will cause them to withdraw or allow the
Federalincrease in this program to adversely affect funding from
other programs. So, I think that it should be a combination and
that the program should clearly create incentives maybe through
matching or some other mechanism that will cause other sources of
support to pick up as well. That is No. 1.

Two, it seems to me the project-oriented systemin a sense, you
are correct. It doesn't make for good, long-range planning. One of
the things that we have struggled with, I think, in our report is
how can we deal with this thing so that major items of equipment,
the cost of major items of equipment, could be spread over several
years rather than having to force it into an individual year. That
would lead to greater planning, I believe, certainly would lead to
more institutional involvement in the acquisition process, if there
was a_ spreading of the cost as opposed to forcing everything up
front as part of the individual grant itself. Now, that is difficult,
and I say we have struggled with it and have not come up with an
answer of how to do that, but I think that that would lend itself to
more institutional involvement, give you greater assurance that it
wasn't just the laboratory making the decisior., but it was an insti-
tutional planning process that was in place.

Mr. WALGREN. To the degree you use debt financing, that tends
to bring that in.

Dr. Hum. Tends to reinforce that, yes.
Mr. WALGREN. Ms. Woolsey, do you have any suggestions we

should focus on to encourage debt financing approaches in the uni-
versities?

Ms. WOOLSEY. One of the things that became clear to us when we
visited universities is that deciding to go into debt does force a
more centralized view of what the overall institutional future is
going to be. That is difficult, sometimes, to pull off on campuses be-
cause universities tend to be at least as decentralized as the execu-
tive branch of the Government.

I think that the ability to use more modern techniques of debt
financing and depreciation and deal with program officers in the
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agencies directly on what one's needs arepregrant OK's for put-
ting in the order for the new NMR machine because it takes 8
months to get one once you decided which one you wait, and that
means if you have to wait until the grant is awarded, you cannot
do. the research for 8 months. Just .minor administrativewhat
seem to be minor administrative details, I think, would smooth the
way psychologically for the people on campus to do a considerably
more efficient job.

I spent 12 years in the executive branch before I joined the pri-
vate sector, ands found most of our-time was spent fighting among
agencies. Coming, back to thin project, it became clear that a lot of
time is still spent fighting among agencies with the universities
and sometimes the clubs and that if one couldI realize this
wouldn't he possiblecould impose more consistency among agen-
cies' interpretations and more coordination in terms of what is al-
lowed, what is encouraged, it would enable those very, now very
conservative central administration figures to become less conserv-
ative because they would not have to meet the most conservative
guidelines.

Mr. WALGREN. Thank you.
Let me recognize Mr. Slaughter.
Mr. SLAUGHTER. Thank you, Mr. Chairman.
I think my questions have been asked by now but what Dr. Hunt

was saying, and some problems are outlined in the report, if insti-
tutions could put aside so much money each year for use of depre-
ciation factors, it wouldn't be desirable but we in our case don't
have provision for that in State policy. I don't know whether other
universities are allowed to use depreciation allowance, I don't
know.

Dr. HUNT. I am speaking to my former director I want you to
know here, but in terms of State-appropriated funds, that is abso-
lutely correct. In the area of research grants and contracts where
indirect costs are retained by the institution, use allowances or de-
preciation are funded amounts that are retained by the institution
and can be applied to the purchase of equipment.

I think what we were struggling with was the question of wheth-
eras opposed to doing it as an indirectas recovery through the
indirect mechanism, of being able.to charge the cost of equipment
to multiple years of a grant as a direct cost, or to leverage the
transaction through debt if you had the assurance that payments
would be made, funds would be available for that. That would help
to first bring the institution more into the picture and provide for
greater and more strategic planning, and greater institutional in-
volvement in the equipment area. And second, it would permit, I
think, acceleration of thepermit us to chip away at the backlog
or the deficiency that now exists.

Mr. SLAUGHTER. Thank you. I don't have any further questions.
Mr. WALGREN. Thank you.
Let me ask one other question.
In the immediate response to the shortages and deficiences, there

has been the thought, well, let's just pull the private industry in
here and they have uptodate equipment and there are ways
that perhaps the universities could work with the private sector to
let their students have access to modern equipment. I suppose the
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correlary is that as governmental agencies we could sit back and
watch TV at that point.

After about a year of that, what I heard was that private indus-
try doesn't want students in there fooling around with their equip-
ment and that that was a very, very weak reed to hope for and
lean on. Could you give us any measure of the degree of avaLabil-
ity that the modernthe degree of availability of those modern in-
struments to the university population?

Dr. CHAUDHARL Let me try to answer that with a slight editorial
comment if I may.

The universities do research in very, very broad areas and indus-
try in general will pick an area of research that is of interest to
them, and so if you add up all the research that goes on in indus-
try, you will find it is a small fraction of the total research going
on in the universities. I think that is important. to keep in mind.

The only commonality is a small fraction of that. If you come
into that small fraction you can ask: "Would we allow a student to
come in and with all the rawness of a student coming in and play-
ing around with sophisticated equipment; would we be willing to
spend time on that?" Up to a point, yes, but it would very much
depend on the individual investigator. But nowhere near the kinds
of students you nevi to train in the university. So I don't think
that is a solution to the i-toblem.

I think it is a suggestion, a gesture that allows you to build good
will with the university, helps the university, establishes contact
with researchers. That is just as important. To that extent, I think
it is very useful. I think we ought to encourage that, yes.

I think to solveis sophisticated equipment available to universi-
ty researchers? The answer is yes, where there is commonality of
interest. That brings you back it, the fact there is only a small frac-
tion of research that has commonality of interest. And where there
are labs where there is state-of-the-art equipment, that is a factor.

These are all steps to be taken, but they are small steps toward
solving a major problem.

Mr. WALGREN. I hear you saying that that would really apply to
the individual researcher who had a particularly interesting
project that wasand was able to establish the confidence of the
corporate counterpart and it would be a very individual relation-
ship.

Dr. CHAUDHARL Yes, sir.
Mr. WkLGREN. That certainly would be nonexistent, essentially,

with respect to training of multiple students university-wide, or
training aspects that the universities engage in, such as in engi-
neering and the like.

Dr. CHAUDHARI. Yes; the emphasis at the industrial lab
not be on training. It would be more in research and the process of
doing research where the student would learn.

Mr. %WREN. Well, if there is nothing further then
Mr. SLAUGHTER. I have no more questions, Mr. Chairman.
Mr. WALGREN. We would really want to express our appreciation

for being a resource to our committee and our task force, and per-
haps we can develop some of these areas that have been touched on
by the members and some that have not been touched on, and we
will submit written questions for you to respond.

LO
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With that, weviould adjourn the task force until next Tuesday at
10 a.m. Thank you very much.

Mr. awns. Thank you very much for having us.
Mr. CHAUDHARI. Thank you.
[Whereupon, at 11:48 a.m., the task force was adjourned, to re-

convene at 10 a.m. on Tuesday, September 10,1985.]
[Questions and answers for the record follow:]
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QUESTIONS FOR THE HEARING RECORD

FINANCING AND MANAGING UNIVERSITY RESEARCH EQUIPMENT
Task Force on Science Policy

September 5, 1985

1. "This [testimony] seems to imply that funds have been available for
this special purpose, although in too small amounts, and it sug-
gests that the universities, the research agencies and the research
community in general somehow failed to ask for increases in this
special funding category. Is there not also a question of whether,
over these 15 years, the priorities within the total science
budgets, both within the individual institutions, and within the
state and the federal science budgets have failed to deal adequate-
ly with the long-term, emerging and important need?"

Answer

Funds for equipment have indeed been available, but not in adequate
amounts to support research, instrumentation needs. Figure 3 on
page 18 of our report illustrates the dropoff in total funds
available and the decline of the federal portion in particular.
The variation is in inverse time progression to the costs of
instrumentation and the life cycle of state-of-the-art equipment.
The figure shows that the problem still exists and that the issue
has not been dealt with adequately.

2. "What is a 'critical experiment' (in this context]?"

Answer

The National Survey of Academic Research Instruments and Instrumen-
tation Needs quoted on page 20 of the report, was designed and
conducted by Westat, Inc. under the sponsorship and guidance of the
National Science Foundation. Westat did not include a definition
of "critical experiment" in its glossary of key terms. In the
absence of such a definition we suggest language which, to the best
of our knowledge, a faculty member might use in responding to the
question. Critical experiments are experiments at the forefront
(cutting edge) of the discipline, which the state of knowledge in
the area indicates are both: 1) necessary to advance our under-
standing and development of the field; and 2) now possible because
of current state-of-the-art technology.

3. "How large a percentage is today obtained through competitive
Proposals prepared by individual faculty members? What are the
advantages and disadvantages of this way as compared with providing
equipment from sources separate from the research proposal such as
from university sources or government equipment grants?"
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Answer

The 1980 NSF report entitled The Scientific Instrumentation Needs
of Research Universities provides an overview of the variety of
support mechanisms available, given adequate funds. It discusses
the advantages and disadvantages of individual project grants,
special instrumentation grants, regional instrumentation centers
and other sources, and in the process, makes an eloquent case for
maintaining diversified funding options to respond to university
needs. Both the individual research grant and the equipment grant
mentioned in your question are competitive, as are most funding
sources available to universities. Data on the percentage of
research equipment obtained through competitive proposals has not
been formally collected. Dr. Eric Bloch, Director of the National
Science Foundation estimated recently that approximately 20 percent
of total NSF resources is allocated to acquisition of equipment.
It is unlikely, in his estimate, that the percentage can be in-
creased to 25 percent, although he considers this a desirable goal.

4. "It does not appear too far-fetched to suggest that the general
deterioration of important parts of the research infrastructure
such as instrumentation must be attributed, at least in part, to
these policies of little planning and a priority on personnel. Do
not universities, realizing the problem they have created for
themselves, have an obligation to think ahead and balance their
priorities better?"

Answer

Universities do indeed acknowledge their responsibility for strate-
gic planning and confirm their obligation to balance their pri-
orities effectively. These issues are addressed on page 74 of our
report. Universities feel vulnerable because uncertainties of
federal funding patterns make projections difficult and unexpected
cutbacks confound existing plans. University basic research works
best in long term cycles. Yet, in times of sudden bldget shifts,
universities feel the obligation to protect their human resources,
as their most valuable asset. Once a research team is disbanded,
it is extremely difficult to regroup. Clearly, industry also
experiences constraints, but, operating largely in the procurement
mode, their constraints of planning and setting priorities are of a
different nature than those affecting universities.

5. "What explanation is there for the fact that most other univer-
sities have not done something like the Iowa State University
Equipment Inventory Program (REAP)?"

Answer

Our report makes the recommendation that universities consider
establishing inventory systems that facilitate sharing. One such
system is the basis of the research equipment assistance program
(REAP) at Iowa State University. REAP has many components in
addition to shared use. For instance: acquisition of used equip-
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ment, screening, expert repair and calibration services, transfer,
scientific description of inventory. The total package works well
in the state of Iowa, given the research volume at Iowa State
University, its geographic location and research emphasis. Because
of its location, Iowa State University has generally greater
difficulty in securing equipment maintenance and repairs than do
universities in more populous areas of the United States. With
funds ,provided by the national Science Foundation, Iowa State
University made -a, sizeable investment in setting up the REAP
inventory. REAP includes only research equipment, in the science
and engineering area, selected to be of sufficient quality for
research use. This inventory now exists as a specialized system,
parallel with the much larger general accounting inventory. Other
universities which consider setting up comparable systems, are
acutely aware of,the-expense of'start-up and maintenance, including
the substantial faculty participation that is required to set up
the expanded scientific descriptions on which the system is based.
The total REAP system may not. be cost effective for all univer-
sities, but most will find elements of it useful.

6. "How does the- situation today with respect to the current
state-of-the-art of instrumentation available to researchers
compare with what scientists faced in 1965 or even in 1935?" Or,
to put it in a different way, do scientists ever feel that they
have available th'e most up-to-date equipment?"

Answer

Science itself requires the continuous development of instruments
with greater sensitivity, precision and speed. Only by developing
and using improved instruments and techniques can investigators
push back the frontiers of knowledge. Our report concerns itself
with the inability of the scientific community to acquire the
state-of-the-art instruments that their colleagues in the indus-
trial sector and domestic and foreign competitors, are using in
their day to day research. It is in tne scientific enterprise
itself and in the international economic and technological arena
that the difference between 1985 and 1965 lies. Our technological
and economic competitiveness cannot be maintained without recogniz-
ing the continuous need to invest in advanced research instruments
and university laboratories.

7. "Why should it be the government's policy to pay the "full cost of
research?" How can we justify the gradual broadening of indirect
cost recovery on research grants into areas less and less connected
to research under the "full cost" doctrine?"

Answer

There seems to be a fundamental misunderstanding about the meaning
of the term "full costs of research." When the government funds
an individual university research project, it never pays the full
costs of that project. Federal funds help to house and conduct the
project in an already existing institutional environment. Federal
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funds leverage institutional resources and may trigger other third
party support. Unlike industry, universities do not receive
independent research and development funds (IR&D). Universities
build their own capacity through independent research and instruc-
tion from which their research base is developed. The significance
of the larger institutional base that supports academic science

:gust not be underestimated. Its value lies in the large group of
scientific expertise with complementing talent put together care-
fully over a number of years, where dialogue among 'discipline's has
been nurtured for decades. It allows you to bring to bear the
concentration of a small -group on a particular project for a brief
period of time. Only the most direct "full cost" components are
charged to the sponsors of the research project. The recovery of
indirect costs is based on audited documentation of incurred
research expense, pursuanto rules established by the government.

8. "Une way to reduce the need for the governthent to be heavily
involved in the detailed decision-making about moneys as they are
budgeted, spent and recovered for such things as instrumentation,
is block funding. In the long term, should federal science support
rely more on such block grants and other mechanisms in order to
decentralize decision - making to the universities themselves?"

Block funding, as exemplified by NSF's Materials Research Centers,
is an effective way to decentralize governmental decision-making
processes and to increase flexibility in granting prior approvals.
There are others. PHS and NSF have implemented a variety of other
mechanisms which delegate decision-making to the university level.
The NSF Organizational Prior Approval System was expanded to all
universities, after two phases of careful testing. It shifts the
locus of decision-making with regard to certain budget approvals
from the government to the universities. The PHS has recently
completed its experiment, the purpose of which was to evaluate the
effect of extending its existing prior approval list to univer-
sities by an additional ten items. We understand that PHS is
satisfied that it can rely on the universities to manage their
grants well. Target date for implementation of a comprehensive PHS
Institutional Prior Approval System is April 1986.

We hope that other federal agencies will in turn be open to explore
innovative ways to decentralize government decision-making. For
that reason, we welcome the plan to make the State of Florida
System the locus of a demonstration project on a government-wide
basis.

9. "It now appears highly likely that the size of the pie from which
all federal research support must come will remain fixed in the
foreseeable future, or only expand slightly. If that is the case,
where within that total research budget can we, in your opinion,
make modest decreases 'n funding levels in order to provide the
resources for the needs for scientific equipment at the univer-
sities?"
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Answer

It is vitally important that we do not mortgage our future by
failing to allocate appropriate resources to university research,
including facilities and equipment. Even if the total R&D invest-
ment remains fixed, the health of the research enterprise can be
maintained by further reallocations of funds from the federal
development activities into long-term research. This general
policy objective has been supported by the President's Science
Advisor.

10. "How could this [research equipment problem] occur without anyone
in either the universities or the government science agencies
detecting that a gradual decline was taking place?"

Answer-

The present situation is not a sudden crisis. It has been the
focus of sustained attention. Pertinent studies referenced in our
report, span the period of the last decade. The State of Academic
Science, published in 1978, describes the status of federal support
TET-51versity research and development from 1945 and traces
changes through the mid 1970s. It speaks of the growing serious-
ness of the problem. The American Council on Education reviewed
expenditures for scientific research equipment at Ph.D granting
institutions for FY1978. In 1980, a report was published for NSF,
The Scientific Instrumentation Needs of Research Universities.
This was followed in 1981 by an update entitled, The NatioTrs
Deteriorating University Research Facilities, a survey of recent
expenditures and projected needs in fifteen universities. In 1982,
the National Academy of Sciences sponsored a workshop on "Revi-
talizing Laboratory Instrumentation." All these studies were
considered by the GAO for its review of equipment needs of U.S.
universities, published in April 1984. Later that year, the Westat
study, entitled Academic Research Equipment in the Physical and
Comuter .Sciences and En ineerin was published. The
4'1 I ' AIL study, on wnic these hearings focus, is thus only

a long series of warnings sounded with increased urgen-
another in
cy.

11. "For most of the decade of the 1970s and into the early 1980s the
universities themselves behaved largely as dependents of the
government, abdicating their responsibility for infrastructure and
biding their time until federal facilities programs were resumed.
In your views can anything be done to bring about a change in this
attitude on the part of the universities?"

Answer

Universities have warned since the late 1970s, as the quoted
governmental witness acknowledges, that the researii infrastructure
is troubled. In response, institutions have not taken a passive
position, far from it. Although government facilities investments
stopped in the mid 1960s, universities have been and will continue
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to refurbish their facilities to the limits of their resources.
But absent federal participation, university effort in real dollar
terms has been eroded to the point that institutions generally are
able to meet less than half of their accumulated needs. Since
instruction and research require modern instruments and facilities,
universities are acutely aware that the quality of their instruc-
ional programs, the faculty they can attract, and the quality of
their research all depend on the facilities and support systems the
institution offers to faculty, staff and students. This awareness
requires competitive universities tc adopt creative and activist
strategies. Passive postures in the present climate are
self-defeating.

12. "In your opinion, what would be the advantages and disadvantages of
[such] a fixed percentage rate for the indirect cost coverage, and
specifically, would it be helpful to the universities in giving
increased flexibility to the acquisition of research equipment?"

Answer

To replace the audited reimbursement of expenditures with an
arbitrary formula, in the sense of a uniform fixed percentage will
not result in a realistic or equitable determination of indirect
costs. It would not be based on the principle of cost reimburse-
ment, so it would be arbitrary and likely to be unsatisfactory to
both the universities and the government. Rates vary, depending on
the size of the university, its organization, its geographic
location, the nature of its research and the degree of support it
receives. In different university settings, it is logical to treat
the same kind of cost as indirect or direct. A statutory limit on
indirect cost, ignoring individual circumstances, would not lead to
a reduction in indirect cost, but at best to a redistribution,
which would not settle the matter to anyone's satisfaction. COGR
recently addressed this issue in greater length in response to the
question on the Task Force Agenda "Is it possible to replace the
present complex indirect cost system with a better system?"

13. "To what extent have the universities been setting aside the use
charges as reserves against future replacement of equipment needs?"

Answer

The government does not reimburse universities for use or depre-
ciation of government purchased equipment and facilities. However,
the government has agreed that indirect cost may include an amount
for depreciation or use allowance on research equipment and facil-
ities purchased with university funds and used on federally sup-
ported research. Government reimbursement of depreciation and use
allowance is committed to pay the bills for those prior university
purchases. If an institution were to use those funds as a "set
aside" to purchase new equipment and facilities, it could not pay
for previously purchased items. The problem is one of obtaining
funds for modern equipment, and one of the need for a systematic
means of repayment of university research equipment purchases.
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14. "How does industry manage to acquire and make available to their
research staff the most modern equipment and what lessons can
government and the universities learn from industry in this area?"

Answer

industry clearly recognizes the need to invest in the latest
state-of-the-art equipment. A glance at the most progressive U.S.
corporations shows the benefits from these investments. Industry
of course is supported by a favorable tax structure which allows it
to use the accelerated cost recovery provisions of the 1981 Tax Act
as one of many business incentives. When these incentives were not
available industry was forced to be more conservative. To illus-
trate this point, it is interesting to contrast the effect of
depreciation rates on the resources of computer chip manufacturing
firms to those of regulated telecommunication companies, or the
steel industry. One industry, for example, had to work with
outdated switching gear because of a 50 year write-off restriction.
The universities to this day are still laboring under unrealistic
use allowance policies prescribed by the government. While indus-
try may depreciate research facilities over a seventeen' year
period, it has only just been recommended that universities be
permitted to assess the average useful life of a research facility
at twenty years, rather than the presently mandated fifty years.
On a parallel basis, the concept of average useful life of fifteen
years for a piece of university research equipment, on which
current use allowance reimbursements are based, is inequitable and
unrealistic.

15. "The debt financing method has been explained in detail. What are
the reasons, in your experience, why that financing method has not
been more widely used in the universities?"

Answer

Our report discusses the constraints on debt financing in a special
chapter (see pages 56-58) and Surveys instruments for debt financ-
ing in Appendix 1. Essentially, universities are reluctant to use
debt financing to a greater degree than they already do because
there is no systematic means to assure adequate repayment and
because debt limits future flexibility.

16. "Do we have any data on how much such [donated research] equipment
is being donated to the universities?"

Answer

Data on gifts of company products and other property is reported as
part of 'the 1983 - 1984 survey, Voluntary Support of Education,
prepared by the Council for Financial Aid to Education (CFAE). Out
of a total of $280 million, or 6 percent of total voluntary sup-
port, company products accounted for $116.8 million. Equipment
giving is likely to be adversely affected by the uncertainty in the
tax system, as well as market conditions and production schedules.
Finally, it would be beneficial to instructional programs if the

3 -8
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tax provisions were broadened to include donation of instructional
equipment.

17. "Is the incentive on industry to donate research equipment to

universities having the effect that modern equipment is being given
to universities, or is it in fact obsolescent equipment that
reaches the universities when industry replaces its own equipment
with more up-to-date instruments?"

Answer

Under the old tax structure, only straight donations were attrac-
tive to industry. These donations were not linked to any stipu-
lations regarding age of the donated equipment, and as a result,
universities tended to receive older equipment. The Economic
Recovery Tax Act (ERTA) of 1981 changed this to require that
equipment be donated within twenty-four months from the date of
manufacture. Universities are receiving modern equipment.

18. "What is the best administrative process to foster increased use of
shared or pooled equipment within the institution or even among
neighboring institutions? Would further centralization help?"

Answer

According to a% 1984 NSF (Westat) report, nearly half (45 percent)
of all in-use research equipment in the 1982 national stock was
located in shared-access facilities. High cost instruments are
routinely shared across department lines. As research instruments
become more costly to acquire, operate and maintain, economies of
scale operate to force naturally greater sharing, centralization
and remote access. Decisions to share instrument resources,
however, must be based on academic needs, expressed and directed by
research faculty, in compliance with the principles which initially
governed the acquisition of equipment. Administrative attempts to
force shared use artificially generally do not work.

19. "Hou successful have the NSF Regional Instrumentation Centers
been?" Is this a concept that should be substantially expanded, or
is it limited to certain types of equipment?"

Answer

The 1980 NSF report, The Scientific Instrumentation Needs of
Research Universities discusses Regional Instrumentation Centers at
an early stage in their development. We do not have more recent
assessments, but the number of these centers is not expanding.

20. "Do you see any merit in such an approach (grants for equipment]
(which would be similar to what the Fuqua bill would do for re-
search facilities)?"
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Answer

There is substantial merit to instrumentation grant programs for
large equipment. The success of tha Department of Defense, Univer-
sity Research Instrumentation Program is concrete evidence of chat.
Similar programs have been introduced by NSF, DOE, and NIH. We
refer to Appendix C in our report for a comprehensive list of
available programs, and to the 1980 NSF report mentioned above, for
a substatitive review. However, such programs should not be seen by
the investigators as a reduction in funds directly available to
conduct research. Ihey,should rat. 'r become part of a comprehen-
sive investment ,strategy that combines c4mpetitive grants for
large, costly equipment with awards for sma;ler projects including
instrumentation.

21. "Given that the federal government is estimated to have provided 54
percent of all instrument funds I; 1982-83, how much is that
percentage today, in your judgment, as the result of those initia-
tives?"

Answer

Data are unavailable to answer this question.
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Higher Education

II Survey Results

The 1,118 re:condo= reported OS of $4 88 billion
is 192344, as avenge of 84 184 million per instate
tine

The 928 institution In be= the 196233 and the
1923-84 surveys reported= increase in total support
of 114 percent. Cite to doctoral institutions grew by
123pmeent, to all public institutions by l03 percent
and to all private institutions by 9.0 percent. Corpo-
rate support rose 13.8 percent

Gifts of property =sled 8279 5 million. Including
$116.87 million in company products, 34296 million

corporate gifts timber property and $119 67 =l-
b= t(ts -Find items from all other sources

Corporate support from matching gifts &ebbed by
2.5 percent to a total eir18.8million, but the average
match reached a record 8233 82

Alumni/se gibs to the annual fund grew by 5.4 per-
cent, the average gift was a record 8113.40, and a
record 20 4 percent doll alumni/ae whetted gave

Almost three fifths dell contributions were made for
current operations

Three quartets of all gifts carried restrictions shout
their use

This section tithe survey report uses the *dual figures
reported by the participants to provide two kinds of anal).
slot 1) detail. of the support raised during the year by the
respondentsfiorn whom, by whom and be shut pur-
pose; and 2) changes from year to year and over longer
periods of time.

Analyzing molts over time presents drificulties not
encountered In analyses of single year's molts. Many

8' 8

institutions respond to the questionnaire every yeas. but
some participate only sporadically. Meaningful compari-
sons between years require identical groups of respond-
entsa-coCe group constitutions that report Ix each el
the years compared. This group is always smaller than the
total number el respondents in any single yeas

The 198334 survey has =blend complication. Boas
restructured to reflect the sources and purposes for
reporting gift Income as defined in Management Report-
Mg Standard, for EducarionollnetitationsPand Ratting
and Related AMOR:, published by the Council for
Advancement end Support tiEducation and the National
Association tiCollege and University Business Offriers.
The questionnaire therefore asked for almost mice as
many details about contributions as in the past; a donor
groupparentsvas added, and the donor purposes
were changed drastically to reflect more accurately fund-
raising activities and university accounting procedures.
These changes made comparison over time even more
difacuh than in the past, but in the long run will provide
more maid data.

In addition, the participating Institutions are now
trooped according to the National Center be Education
Statistics (NCES) classification structure. This system
places institutions intohomogeneous groupings, enabling
more meaningful comparisons than in the past. Also, the
data pattern; in this survey eau now be utilized in con-
nection vnth other data bases that use the NCES struc-
ture.

NCES defines five major categories of Institutions:
I. DoctoratograntIng 'nationals,. Universities that

are very active at the doctoral level, granting 'mini-
mum of 30 doctorates in 3 or more doctoraevel
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Details of Support by Participating Institutions
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.Independent Secondary and Elementary Schools

Su6eij Results

line /Unita* lathe eurreireceleed 1933 intlita bi
jib la X6344. as Marne ease the 1276 Whoa
mated by 400 school. 193243

The /a33441041464 per dud alettler/ war 7.0
percent 10/144$4 one 40 100144 IMMO Or
;Mies
lbe inserryier Menem dile 3 ti schools la both
the sosso .016.1Se341 "arm tans Itlynces4
atdch ouepeced ideas

Cita femi ladtribets monied for 73.5 percent of
tdi. Deer heti d corporate support crime from

ieoctissete and gib dreefeey products °tetherfir,
A no:e4 peront d themdee involuted to
ersatalend dna and teemed der& enema Oa
by 61 percent tie natcri

A teed d431 echoic peractpated is the 190344 .wry
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101443 Jenrette wares* d 4032.101 per ichool ie
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1372.403 verge 61293243.
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74 ladepeoitad Sebeek(Survey Resub Instituttions Reporting the Highest Totals
The Ten Day or Day:Nordin Sehells Raporting
tie Wood 'Reale 46
Alszawilsa Contribution io the Amoral find

Regis High School iNT) $451,895
Acedirny NA) 420.861

Ushersity School (OH) 366.606
Pardon School (111) 335339
The Baylor Sasaca MN) 322.954
The ICIOthe kind (TX) , MAC
Tne Loceniathathee Schad (CT) 151,513
The Weak School (IN) 279,257
St. Unties High Scheel (OH) 241.953
University kirgot Stheol (111) 242.285

CiRs Roe CS*, Purports

Urdverrety Schad c( Milwaukee (WI) $25.667
St. John; School (TX) 2.0391/54
The Bromley Sdscol (WO 2.021,883
The Rockily School (IX) 1.952.324
The UAW School (TX) 1.782.311
The Plow Schwa (NJ) -1.447.525
Polytethynie School (CD 1.382,725
Dana Hall School (MA) 1.354.759
MoolOgnsery Befl Athdeiny 1.196961
Unhenity School (OH) 1.221.132

ptrern io 116344 showed alight variation. More than
three "laden dell support cone ion individuals. with
aluanthe supplying the Urged peneetrge (36.45 pee
cots the meal Mil and other iodindads giving the teat
(1315 Foundstion and corporate gas declined sibty. so
their shares diced ibpport were she Nadler (142 pev
cast roe foundstions vanes DO percent in 1032-83 and
44 percent ',no Inlyear14.5 percent (secorpentices).

Dadtrionally. woe thin lad the gths b the Indere*.
dent schoole hoe been nude with an restrlethas about
how they are 63 be med. Coodsiodot the totals he won
strkeed curreshoyeration gifts with those he endow-
ment olds no restrictions on the use sib luxerse po-
thers an eppeotrode reinsure c( "unrestrieteer
They totaled 503 percent deli support in 198341. Pse
eats and corporations mined to make gths without
restrietkos foci:neat operatkesothile slonusthe. other
individuals and kundations favored gifts hr opital
PuTooico.

therPo breakdowns Wow porpases OH be possible
In the future, as more data are secnoulated.

The 20 016e9sa wad Untrentries
Reporting the Mort Rthentary 5.pp:eV

Horned University
Stanford Unhenity
lile Unhernty
Colusubb University
Cana Urthersity
Califarnia. Unhersity or-Los Aagelth
hbioxisusetts Institute OTochnology
Pennsylvania. Unherstry
Princeton Unherstry
Southern Calrfcrotr. UntrenIty of
Chicago. University of
Ill nala. Usthersity d
Whconsin. Unhersity or-Madbon
likhigan; lie Vastly c(
Tens A to M University
Minnesota. University of
New Yak University
Johns Hopishn Unnersity
Washington, University of
Wadthsgton University

Not Included ate two systems. each
cooprisIng multiple units:

Callings. University orSommary
lbw. University cf-Sernmery

1128201.403
111202,741
73,033,0:8
75,234.705
72.818.654
61.076,015
62.9911.928
80.036.447
58.1153.639
55600.784
34.677.330
53=384
52.469.347
52.672A63
48.147.936
47,331.831
41.263,695
42312418
41.233,331
40:731235

172.638443
105.573283

The Ten School, Reporting the
Most Voluntary Sopped:

Maps Academy (MA) 14.954733
Phillips Exeter Academy (NH) 4211.328
The Coyer Academies (IN) 4.471.603
St. Pal School (NH) 4,343,126
The Lorrencenfie School (NJ) 4.145.777
The Hotchkise School KT) 3.625430
Choate licecraczy HaS (Cl) 3.506.2215
%Wherry Font Scheel (VA) 3.153.C66
The Ktrldmineto Springs School (PA) MIAS
Deerfield Academy (MA) 2.823.069

,..) i

llos 20 Cann and thawratiel
Retracting the Mott Corporate Support,

Cali:cola. University orLos Angeles 130234.214
Stoked Unhersity 29.234,745
Moodzusetts Institute of Tbcluology 27,913.834
Named Urthentry 25580.322
Mob. University of 23.057,847
California. University ef-Berkeley 18.215409
Wtrocesin. Unhandy or-Madison 16329.412
Southern Call/cols. University et 13,138421
Mato. Uetrentry c( 14.638.804
Cornell University 14334.465
Columba University 13.787,731
Pennoylvantr. University c( 13,495.433
Texas A tc Id Unheesity 13,4E3.231
Minnesota. UtheneY d 13,015,310
Florida. University of 12,332.047
Georgia. University d 12.230.341
Carnes0e4dellon University 11.107.772
Duke Unnersity 10.955.165
Rensselaer Polytechnk Institute 10.302132
/Almon Untsvnity c4. 10,549.148

Not Included are two systents, each
conspiring multiple snit=

CAI:inks, Unhersity d-Summary 71.614.783
Tessa. University of-Summary 15905.491

The Ten Schiois Reporting the
Most Cooperate Supports

The American Schad In Japan
The Bloke Schwas (MN)
The leelsrun School (MI)
Forsyth Comely Day School (NC)
Poncho Sand (HI)
Phillips Academy (MA)
Phillips Enter Academy (NH)
The Cahn Academies (3N)
Choote &Gentry Hall (CT)
Mszine Military Academy (TX)

8803.739
417,411
313.444
303.121
283.272
256.169
238.332
187,313
186.267
179.077

8t
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CHAPTER I

INTRODUCTION

A. RATIONALE

The Report of the House Armed Services Committee on the 1984

Department of Defense Authorization Act contained the following request:
"Hazy of the university laboratories in which Department of Defense .

research programs are conducted are obsolete and in need of major
modernization or replacement. ine committee believes a study should be
undertaken on the need:to modernize university laboratories in the
physical sciences, earth and ocean sciences, atmosp4eric sciences,
engineering, computer sciences and other fields essential tb our long-term
national security. The survey should'(1) document the lcboratory needs of
universities presently engaged in Department of Defense competitive
research programs, (2) assess priorities by academic field, (3) provide
estimates of costs to meet these needs, (4) provide specific

recomendations appropriate to the Department of Defense and others
designed to address the need, (5) state the consequences to our long-term
national security."
This report i3 a response to that request.

The science and technology (SST) base has, as its cornerstone, basic
research which, in the U.S., tends to be concentrated at universities.
Approximately two-thirds of basic research in science and engineering
(SSE) is carried out in academia. There is a concomitant integration of
basic research with graduate education. The nation reaps a double benefit
from this model in that it concurrently generates both research results
and future researchers. It is for this reason that the state of U. S.
university laboratory facilities is so important to the nation's long -
range economic and military competitiveness.

The evolution of science and technology tends to create a
requirement for more sopListicated research facilities. Failure to keep
pace with facilities' needs has a negative impact on researchers'
creativity. This in turn limits the scope of scientific endeavor in the
experimental disciplines. The consequences may include delays in the
realization of new discoveries and a trend for faculty and graduate

students to opt for theoretical studies rather than engage in experiLmtal
research with inadequate facilities. A further consequence is the
difficulty of recruiting and retaining tLe most productive faculty in
experimental disciplines.

The foregoing points work against university researchers undertaking

experimental investigations. Wen researchers do so in spite of
inadequate facilities, results of their endeavors can be compromised in a
variety of ways. These include:

o Inadequate environmental control resulting in
decreased quality of data

o Excessive dam -time resulting in diminisheeproductivity
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o Outmoded equipment leading to imprecision in acquired
data

o Crowded laboratory space resulting in diminished access to
equipment for data gathering and maintenance purposes

o Contrived experimental set-ups representing safety
hazards

H. DEFINITIONS

The tolling definitions will be used throughout this report:

Laboratory Needs-Facilities and equipment which collectively
constitute vehicles for the generation of experimental data and other
information. It denotes more than a stand-alone instrument (e.g.,
spectrometer, tensile taJt.ir, etc.) that can be operated in general

laboratory space typically found on a university campus, but excludes
general purpose laboratory buildings. Examples include wind tunnels, high
voltage accelerator labs, clean rooms, wave tanks, etc., especially those
housed within existing older hildings. It may Plo include specially
desiignsd structures required to house laboratory instrumentation and
experiments.. facilities.

Facilities-Laboratory structural environment including hardware
?eq igato maintain special conditions in laboratory space.

Equipment- Instrumentation and devices directly supportive of
data acquisition and analysis.

C. RESEARCH DISCIPLINES AND THRUST AREAS

Selected research laboratcry needs among universities active in
Department of Defense (DOD) competitive research program!, are addressed in

this report for the following five disciplines and constituent thrust
areas:

CHEMISTRY
- Laser Chemistry
- Polymeric Materials

ELECTRONICS
-Microelectronic Fabrication and Reliability

System Robustness and Survivability

ENGINEERING

Coeposite Structures
- Energetic Materials
- Fluid Mechanics and Acoustics
- Manufacturing, Design, and Reliability
- Soil Mechanics
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MATERIALS
- Optical and Magnetic Materials

- Silicon and Compound Semiconductor Growth
- Structural Ceramics
- Structural Composites

PHYSICS
--=-AFErophysics

- Coherent Radiation Sources
- Directed Energy Devices
- Optical' Communications and Spectroscopy

lbelbregoing disciplines do not represent the breadth of DOD
research. In particular, biological and biomedical sciences are not
included in anticipation of a comprehensive survey of laboratory needs by

the National Institutes of Health. Computer resources not dedicated to
experimental research facilities are also excluded on the basis that they
are the object of considerable study and/or aggressive enhancement
programs by the National Science Foundation and the Department of Energy.

D. INFORMATION ACQUISITION

Requisite information was initially assembled by research
administ-ators in the three Service research offices (OXRs): the Office
of Naval Research (ONR), Army Research Office (ARO), and the Air Force
Office of Scientific Research (AFCSR) and in the Defense Advanced Research
Projects Agency (DARPA). In particular, Division Directors in each
organization representing the foregoing five research disciplines supplied
data related to the sufficiency of research laboratory facilities. This
information was analyzed for the purpose of developing laboratory needs
representative of defense research priorities. Results are presented in
Chapter IV in the form of prioritized laboratory needs (where they exist),
estimated costs of desired enhancements, and assessments of the
scientific/technologfcal and national security implications of any
laboratory needs identified.

Within the framework of the foregoing information acquisition plan,
each of the three OXRs identified key R&D performers for the various
research disciplines. These performers were then analyzed with reference
to the indicated questions. Criteria used in determining the performers
to be interrogated and/or analyzed for inclusion in the report involved
level of basic (6.1) competitive research funding, evaluations by OXR
research administrators, and, as appropriate, independent evaluations of
graduate programs corresponding to the various disciplines. In many
cases, the stated costs represent partial funding reflecting the
tendency of universities to seek multiple sponsors for major laboratory
Improvements. Wile the method of data collection does not embody the
statistical integrity of a rigorously implemented survey instrument, it is
nonetheless thought to be suggestive of the dimensions of university
laboratory needs of greatest importance to DOD. Further, the study
differs from previous ones in that the cited laboratory needs reflect, in
part, the judgment of research sponsors (DOD scientific officers) rather
than exclusively the perceptions of research performers.
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The primary DOD research performers encompassed by this report are,
of course, only a subset of the total university R&D =amity. The
extent to which their modernization.and new facilities needs may be
extrapolated to all universities performing research for DOD, or to the
entire populstton of approximately 100 research universities in the U.S.,
is an open issue. Such extrapolations beg the question, however, as to
appropriate means for assessing laboratory sufficiency from the DOD
perspective. This is a complex question that is under constant scrutiny

for each discipline and its constituent research areas. More generally,

it is an issue which demands continued vigilance at the national level.
Sustained deficiencies in any discipline/thrust area will inevitably cause
the corresponding sector of the U.S. science and technology base to erode,
thus blunting our competitive position in the national security and warld
economic arenas.
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CHAPTER II
DOD SUPPORT FOR UNIVERSITY LABORATORIES

A. INTRODUCTION

This chapter deals with the role that universities play in sustaining and
strengthening the U.S. science and technology base (Section A), the origins of
DOD support of university laboratories in that role (Section B), DOD programs
that support university science laboratories (Section C.1), and further steps
'that DOD has taken to upgrade these facilities (Section C.2). A new university
research initiative for-FY 86 (Section C.3) and coordination activities
relevant to the upgrading.of University research facilities are described
(Section C.4).-

Given the,importance of university science laboratories to DOD, it is
also true that maintaining adequate university research facilities is a
national priority that has important econcmic as well as military signifi-

1caEit--Thus, DOD should'not.Lnd cannot solve the problem alone. Solutions
must encompass all relevant government agencies, private industry, and, of
course, the universitier themselves. This chapter focuses, however, on'the
relationship between DOD and the university community.

American play an, indispensable role in maintaining and
strengthening the nation's science and technology base. Not only are
universities the-source of future scientists and engineers, but the research
contributions of academia to-society-are.vazt as well. Since World War II,
universities have performed most of the basic research that-has produced the
technological innovations on which mach of our economy and national defense are
based today. Universities contribute nearly three-quarters of the scholarly
papers published in -the most noted science and technology journals. In
addition to generating the insight and knowledge upon which future
technological innovation is based,-university research provides the environment
for the development-of future'scientists and engineers. The result is
enrichment of -the professional experience'of faculty and graduate students
involved in training cur nation'stechnical manpower. Thus, support of
university research produces multiple benefits of enormous value to society as
a whole.

This report addresses selected needs of university laboratories involved
in DOD sponsored research. As much as42 billion has been estimated as the
total sum needed ho'replace obsolete university research instrumentation.
Laboratory facilities, including the instrumentation required to conduct
research aimed at modernizing and expanding the U.S. technology base, are
becoming increasingly expensive. Establishing and maintaining such facilities
are very costly, especially those requiring advanced supercomputers, large
particle accelerators, various types of analytical instrumentation, imaging
devices, and automated design and manufacturing hardware. Nonetheless, such
equipment is crucial for the conduct of research in important areas of science
and engineering, and for educating students. DOD support for university
research equipment is described in the following sections.
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B. ORIGINS OF DDD SUPPORT FOR UNIVERSITY LABCeATORIES

The DOD has recognized' that techialbgiaal superiority is essential to
military superiority, and it has played an important role in maintaining the
strength of the U.S. science and technology base. Since DOD was among the
first federal agencies to recognize the essential role that the academic
community plays in the maintenance of U.S. technological leadership, it has
maintained a strong - relationship with..U.S. universities since before World War

II.

Very little. involvement otuniversities-with military technology
occurred duringAbrld War'I,-deSpite the existenceof in-house Service
laboratories since-the 1890s and the earlier creation of the National
Academy of Sciences 'which established as a war measure.by President
Lincoln in 1863. The sudden expansion of experimental and laboratory
operations that characterized the outbreak of World War II greatly
overburdened the Service laboratories. Many civilian scientists and
engineers were added to. the staffs of Aberdeen Proving Grounds, he Naval
Research Laboratory,:the Naval Ordinance-Laboratory, Taylor Model Basin,
Wright Field (Array Air Force), and Fort Monmouth (Signal,Corps).

Contracting funds were also greatly increased in the effort to catch up to
an enemy that had scientific groups investigating improved weaponry since
the early 1920s.

The Office of SCientific Research and Development (OSRD) was
created, reporting directly to President Roosevelt, and receiving funds by
direct appropriation from the Congress.. These.fluds were placed in
private and governmental laboratories. The'National Research Council-of
the National Academy of. Sciences hadbeen created during World War I and
was, by the-time of World War II, well-knownto the military Services,
which expanded their use of it. These arrangements formed a close
coupling of the organized bodies of scientists and,military leaders having
a common appreciation of the importance ofscience and engineering to
modern warfare. Major wartime expansion of. facilities occurred,at several
universities. The major contributors included MIT,-Harvard, Columbia, the
University of Chicago, the University of California, the Johns Hopkins
University, and-the California Institute of Technology. Radar, accustics,
operations research, navigation, and atomic weapons were just a few of the
areas in which notable contributions were made.

Emerging from the wartime era were two lasting methodologies for
defense investment in university laboratory. facilities. First, the
institute concept became well established, wherein non-profit university
affiliated laboratories conduct applied research, priniarily under DOD
support. Products of this era which make major contributions today -are
Lincoln Laboratories (MIT), the Johns Hopkins. University Applied Physics
Laboratory, the Applied Physics Laboratory of the University of
Washington, the Applied Research Laboratories,of the University of Texas,
the Applied Research Laboratory of Pennsylvania State University, and the
Marine Physical Laboratory, Scripps Institute of Oceanography, University
of California, San. Diego. Second, the Ga:,ional Security Act of 1947, and
the amendment of 1948 which established the three military repartments.and
the Office of the Secretary of Defense, provided the framework that
operates today for support of research at universities through the Army
Research Office, the Office of Naval Research, the Air Force Office of
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Scientific Research, and the Defense Advanced Research Projects Agency.
This partnership has been substantial over the years; seventeen
institutions of higher education are among the 595 contractors that
received awards of 10 million dollars or more from DOD in FY 83.

C. PRESENT DOD SUPPORT FOR UNIVERSITY LABORATORIES

C.1 ''.DIRECT FUNDING OF UNIVERSITY RESEARCH

U.S. universities area major factor in current DOD activities affecting
the U.S. technology base. Approximately half of all DOD basic research (6.1)
funds are expended at universities ($405 million in contract dollars with
research budgets totaling $840 million in FY,84), plus a smaller amotmt of
applied research (6.2) funds (approximately'$115'million in FY 84). Luring the

past decade, pop has made a major effort,to reverse the effects of the relative
neglect of university research that occurred during the Vietnam war. Figure II-
1 shows the:eyolution of DOD funding:for basic research (6.1) since 1962. The

corresponding funding history for "exploratory development" (6.2), some of
which equates-to applied research, is shown in FigurejI

These figures show that funding in current dollars for both components of

the technology-base grew significantly during the late 1970s and early 19803;
nevertheless,'<neither has returned to 1965 levels of Opport in constant-dol-
lars.:In fact, in real terms, the level of funding far exploratory development
has been virtually stable for over a decade. In a memorandum to the Services
dated'August 9,, 1984, Secretary Weinberger noted this situation and indicated
that the Defense Guidance far the FY 1987-4q.PCH would:.request 8 percent annual
real.growth in both coamonents of the technology base: DOD still takes that

position. 5

'University research has been a major component of the growth in DOD
technology baie activities daring the past decade. 'Table II-1 shows DOD Basic
Research (6.1) funds spent (Or projected to be spent) at universities by the

Army, Navy, Air Force, and the Defense Advanced Research Projects Agency.

(DARPA) for'the.years FY 7446. Curing the period FY 75 to FY 84, DOD spending
for 6.1 Basic Research at universities grew at a real annual rate of 9 percent
far higher thin the annual growth of DOD Research (6.1) funds as a whole.

Table II-1 shows only the DOD Basic Research (6.1) funds going to
universities. It includes only contracts exceeding $25,000, and does not
reflect research grants. Thus total university funding is somewhat higher than
indicated. A zbmilar break-out of the university component of DOD Exploratory
Development (6.2) funds is not available. To provide,a basis for comparing 6.1
and 6.2 expenditures, in FY 83 a total of $102.3 million in DOD Exploratory
Development (6:2),contracts went to -universities while $360 million was

provided for Reseaich,(6.1)..contrrets. An additional $50 million was awarded

to universities in the form of 6.1 research grants. DOD funding for

universities is not limited to Research and Exploratory Development. For

example, DOD RDT&E (6.1 through 6.6) contracts over $25,000 going to
educational institutions in FY 83 totaled $1113.6 million. Host of the $600

million in the higher categories (6.3, 6.4, 6.5, and 6.6) was for R&D in
university affiliated off-campus laboratories and Federally Funded Research and
Development Centers (FFRDCs), or for vocational and technical training, and

tuition fees.

tri
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DEPARTMENT OF DEFENSE FUNDING FOR UNIVERSITY BASIC (6.1) CONTRACT RESEARCH, FISCAL YEARS 1974-85+

(In el Moss of dollars)

FY 74 FY 75 FY 76 FY 77 FT 76 FY 77 FY 60
Service Wefts+ MI Cerro*, Root Cerreat Reel Carrent Real Cereal. Roe Cereent Real Cerra*, Illiom--.-.

ARM 13.7 27.9 13.4 25.0 19.0 33.7 23.7 39.6 26.1 43.8 32.0 45.9 31.1 51.

AIR FORCE 23.2 47.3 22.9 42.6 29.2 50.0 41.0 68.6 49.5 77.1 46.4 66.5 55.3 72.7

Nair 45.5 92.7 47.0 69.2 64.2 113.6 62.7 304.6 70.6 110.3 66.4 124.0 100.2 1310

DAPPA 21.9 44.6 19.4 36.1 19.1 33.9 16.7 31.3 17.9 27.9 21.0 30.1 19.8 24.7

1678. 104.3 212.4 :03.6 192.9 130.5 231.4 146.1 244.3 166.3 259.0 163.6 266.6 213,4 2.7,i.

FT SI FY 82 FY 63 FY 84 FY 115 FY 86 14 CO
roService Cermet Roil Cerro*, Real Current Reel Cermet Real Current Root Current R.41 o COD
.., 00

AROff 46.9 55.9 96.1 63.5 71.4 77.7 60.6 64.6 63.6 63.6 67.9 83.8

AIR FORCE 63.4 76.2 71.5 61.0 90.3 08.3 112.1 117.6 119.1 119.1 135.0 128.7

MY 115.0 136.2 142.3 161.2 152.2 163.6 153.1 163.9 176.1 176.1 190.0 109.5

OfJPA 27.3 37.0 39.4 44.6 46.4 50.5 53.9 56.6 42.7 42.7 43.4 41.4

70111. 212.2 303.1 309.3 350.3 360.3 392.1 404.7 424.7 421.7+ 421.7 459.1 437.7

Projection

Forecast for Inflation Is based on C60 projedIce

SCOW: Army Deperfy Chief of Staff Research Oeve/opasoof and
Acquisition. Office of Koval Research. Alr Forcer Office of ScleafIfIc

Obsesech. Oefesse Mewed Assert% Projects Apace. iftestent
19I5 Cotters CoIcelafifeesIss 01 leollelf POIC9 Defleaorl

+Restricted to awards exceeding 625.000r grants are not included
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DOD sponsors research and development at universities to ensure the
progrewinlundamentalaxmaidge that is necessary, in'the long run, to
maintain-U.S. technological superiority. The resulting university research
programs also serve to benefit universities in a variety of ways. By providing
oppartwities.to,perform basic research.at the forefront of science and
engineering, research progrcms at universities-help to create an environment
that can attract and retain,ficulty and students. Past studies suggest that,
on average,.$1million of.funding for research provides full or partial
financial support for 10 15,graduate students. Using this measure, DOD
provided financial assistance for over 4000 graduate students through its
university research programs in FY 84. In addition, as will be noted below,
DOD-related, research programs also have significant effects on laboratory
instrumentation.

-6.2 IMSTRiMENTATION PROGRAM

Instrumentation is essential to modern research. Modern instruments with
qualitatively superior capabilities for analysis and measurement often open new
fields of scientific inquiry. In some scientific areas, access to the most
advanced scientific instrumentation determines in large measure the extent to
which scientists can work at the cutting edge of their field.

The Department of Defense, in concert with the scientific and university
ccmmunity, state and other federal agencies, and the Congress, perceived that
the ccndition of research instrumentation in U.S. universities declined
significantly during the 1970s. The Association of American Universities
(AAU), in a report to.the,National Science Foundation-(NSF) in June 1980 (see
Chapter III), concluded that the equipment being used in the top ranked
universities has a median age twice that of the instrumentation available to
leading industrialresearch-liBUfferies, an additional factor in the
attraction of patentiallaculty to industry-.

The instrumentation problem has been growing for more than a decade.
It reflects both economic factors and funding patterns:

o The cost of equipment has risen much faster than
inflation.

o The system of one to three year contracts in the
$50,000 to $100,000 per year range with individual
investigators is not conducive te, obtaining equipment
that costs more than $50,000.

o Rapid technological advances are rendering research
equipment obsolete at an ever increasing rate.

In response to the foregoing situation, DOD hes encouraged researchers
to include more of their equipment needs in proposals and emphasized that DOD
does not set arbitrary limits on the amount of money that may be requested for
instrumentation. This approach has been helpful for equipment needs in the
$50,000 range or less. However, new money was clearly needed for some of the
more expensive items required to modernize university laboratories. These
funds were provided in FY 83 through the DOD- University Research
Instrumentation Program (DRIP), which received Congressional approbation.

4Q5
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DRIP provides $150 million over five years for university research
equipment. Each'of the three,Zervices is programmed to spend $10 million per
year. So far, $90 million has been spent on 652 awards going to +52 institu-
tions in 47,states and Washington, D.C., Guam, and Puerto Rico. While DRIP is
having a major impact on the equipment needs of researchers doing work of
interest to DOD, it cannot soive the whole university instrumentation problem.
In the first year of URIP, LO D received 2,500 proposals representing requests
for $646 million worth of equipment. Wile some of these requestspre for
equipment to suppoi't research fn areas not usually funded by DOD, this response
is a significant and Impressive measure of the needs of the universities.

URIP isthe most visible, but not the sole, DOD response tr the
university instrumentation problem. As noted previously, each of the Services
and DARPA have encouraged current and prospective contractors to make their
equipment needs known, in order that many of the less expensive items could be
purchased as an integral, part of research program funding:

o Approximately 10 percent of Amy, Navy, and Air Force research
contract funding is applied to equipment purchases, mos, of '$ w( .1
under $50,000. Gran%s under the UR1P program provide an ad,..tional
comparable dollar amount for equipment costing more than $50,000.

o The portionof the Army Research Office (ARO) contract
program devoted to instrument purchases has increased
steadily over the past demade; in FY 85, such purchases
will represent about.$6 million or the ARO contract
research program.

o University-related equipment purchases associated with
the Contract Research Program of the Office of Naval
Research (ONR) increased from $11.2 million in 1979 to
$16.6 million in 1984.

o Between 1975 and 1985, vested equipment funding by the
Air Force Office of Scientific Research (AFOSR), during
the usual course of its sponsored research program,
increased from $2 million to $8 million.

o Although DARPA does not participate in the DRIP program, 10 to 20
percent of its university program funds have been utilized for
equipment. In 1981, DARPA began a modernization program focused on
obsolete equipment and the need for greater computational power. From
1981 to 1984, equipment purchases by universities using DARPA funds
increased from $6.7 million to $16.8 million.

In certain cases where the equipment for major research effor,.s has been
especially costly, provisions have been made for extraordinary purchases.
Examples include the purchase of large main frame computers, semiconductor
processing lines, molecular beam epitaxy and analysis chambers, and ARPANET

computational and coamunication facilities by DARPA, and an ongoing ONR program
to refurbish selected research vessels.
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In FV R4, in addition to the $30 million per year of special DRIP
purchases, the ;three Services and DARPA purchased over $45 million worth of
research instruments and equipment for universities in connection with their
research contracting activities.

C.3 UNIVERSITY- RESEARCH INITIATIVE

In FY 86',-Odoplahs,Ito establish new' research program elements that will
be focimed exeltisivelyo0he DDD/unitiersity relationship. Total proposed
funding for thi.new program element's is $25 million in FY 86 and R50 million
in FY R7. Significant additional growth 13 expected after,FY 87. Each of the
Services and DARPA will imipl'ement programs within these program elements to

meet the. priorities or their own relationships with the academic community.
Although -the specifie,proportions will vary from Service to Service, graduate
fellowships, suppork,for young purChase of research.instrumenta-
tion, support of special research programs, and programs to improve the
interactions between-DOD laboratory and university researchers, Will be part of
the'total'DOD package.

C.4 COORDINATION ACTIVITIES

CO has long reCognized.that'thetacademic community is an invaluable
source of expert advice. The DepartEent draws on science and engineering
faculty as indiOddal consultnts.,and 83 members of'DCD advisory committees.
TO instre more effective camMunication,withithe academic community, CO
established the DODVUniversity Forum in December 1983. During its first year,
the For has provided a meeheoism.Dordialoguebetween,D0D and the academic
commitr!on pacey and other issues of muttml interest. Coe significant
outcome brits'activitlis during the past year wasthe establishment of a new
ToD policy on the transfer of scientific information. It establishes an
appropriate balance between the conflicting imperatives of national security
and Open scientific caarunications. The Forum Working Group on Science and
Engineering Education addressed many issues, including that of research
instrumentation.

407
i



-.

402

'CHAPTER III

PREVIOUS STUDIES

\
More than a dozen' studies of university laboratory facilities have neon

preparid-since the late' 14603. For-a comPrehinsive listing and summary of such
studies prepared'by Linda-S. Wilson of the University Of IllinaiS at Urbana-
Champaign, See the Appendix. Many -of these studies have concluded that a
problem exists with respect to inadequate and deteriorating university
laboratory research facilities. Some of the studies are qualitative and
generally reccomend programs for the support of facilities renewal. Others are
quantitative)and are based on surveys of the conditions of facilities, with
projections.of the 'amount and cost of construction and renovation required to
meet future needs. The basic conclusion draWn is'that renewal and replacement
bf facilities are an-important element in assuring a national technology base.
Some of the more relevant studies for the purposes of this report are discussed
below. An analysis of some of their findings in comparison to the present
study is given in Chapter V.

kreportto the,NationarSciencebundation (NSF) by the Association of
American-Universities (AAU)-in June, 1980,1ims devoted to "The Scientific
Instrtmentation,Noids of Research - Universities." Numerical data for the study
were gathered.from t4-universities and_ oUr'cothmercial laboratories. The
report found that ttle'mediaft ,Oge of university 'equipment was twice that of the
commerciallaboratoriiS, instiumentaticT(, Concluding that "the quality of
research.instrumentation'in major university laboritories" has seriously
eroded, the:AAU report recommended that :,

"Federal policy for the support of-t'esearch instrumentation should
provide for a basic three-part funding strategy:

o Strengthen instrumentation funding in the project system.

o Expand special instrumentation programs.

o Create in the National Science Foundation a new, supplemental
formula grant program to provide needed flexibility to meet diverse
institutional needs."

A 1981 study prepared fc,- the Committee on Science and Research of the
AAU, entitled "The Nation's Deteriorating University Research Facilities,"
was based on a survey of recent expenditures and projected needs of fifteen
major U.S. universities in six disciplines. The principal findings of the
study were:

o A substantial backlog of research facilities and equipment
needs was accumulating.

o During the 197P. -81 period, for the six fields surveyed, the
fifteen universities spent $400 million for facilities
and major equipment. In the next three years (1982-84),
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these universities expected to spend almost twice as much
(X765 million), just to produce the necessary research

facilities and :special research equipment for cdrrent
faculty only.

o New construction to replace outmoded facilities accounted
for almost 60 percent of total projected funding
requirements across all fields.

o In addition, substantial needs for major research
equipment were identified in all six fields.

Table III-1 shows the expenditures and projected seeds for those
diSciplines.incluted in the present.report. Projected needs for both
facilities and equipment were far larger (by factors ranging from three to
almost ten) thah actual expenditures for an equivalent period immediately
preceding the report. The extent to which these differences represented
realistic assesonehis of the pent-up facilities demand, and/or an effort on the
part of survey respondents to "makep statement," is open to question.

Among the recommendations of the AAU study was:

o Provided that a review by key government agencies corroborated the
assessment of the survey, the "Department of Defense, Department of
Ehergy, the National Aeronautics and Space Administration, the
Department of Health and Human Services, and the Department of
Agriculture should establish research instrumentation and facilities
rehabilitation programs targeted on the fields of science and
engineering of primary significance to their missions."

In 1982, Fled & Associates, a Wisconsin architectural and planning firm,
published their "Capital Spending Study e Research and Development
Laboratories." Since the study focused exclusively on the spending plans
of private industrial firms, it provides a useful basis for comparison with
the plans of universities dealt with in the AAU studies described above.

The Fled study was based on a survey of some 5800 directors of
industrial research laboratories. About twelve percent of than responded
with detailed, confidential estimates of planned spending for plant and
equipment in the ensuing three years (1983-85). The firms surveyed
were considered more representative of large research laboratories (25-100
staff) than smaller laboratories (less than 25).

Among the major findings of the Flad study were:

o Estimated spending on research and development plant
for 1983-85 by responding firms was $1.4 billion.

o Estimated spending on research and development
equipment for 1983-85 was $1.2 billion.

o Nearly 40 percent of the laboratories of responding
firms were built less than ten years before the survey;
of these, 50 percent had undergone additions or
renovations subsequent to initial constriction.
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Table III-1

Actual and Projected Expenditures for Research Facilities
(new construction/renovation) and Special Research Equipment

for 15 Major Research Universities
(thousands of dollars)

FIELD 1978-P0

FACILITIES

PROJECTED
NEEDS

19112 -R11

SPECIAL RESEARCH EOUIRIENT

1981

PROJECTED
NEEDS

1978-80 1981 1921-84

Chemical Sciences 17,815 14,089 115,022 6,701 4,767 14,6R8

Engineering 19.519 18,476 183,106 16,101 10,957 33,222

Physics 11,700 5,818 74,725 4,603 1,092 22,590

Source: "The Nation's Deteriorating University Research Facilities",
Assoch.tion of American Universities, 1981
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For the purPosas of this report, the Flad study has some interesting
implications. If the study's findings are extrapolated onto the entire
sample, total national private industry projected capital spending for
research and development woulcfbe about $20 billion for 1983-85 (about $11
billion for plant and aboilt.$9.2 billion for equipment). This compares
with estimates of $1 billion for total average annual planned investments
in university science and education facilities. For industrial
laboratories whose annul research and development budgets were in the
range of 1 to,15 million dollars (45 percent of the responding firms), the
expenditure planned for was about 13 percent of their annual operating
budget each' 'ear for the three years beginning in 1983. The ratio of
planned expenditures for equipment and plant by private industry was about
the same (unity) as that show for universities in Chapter IV below.

-- The NSF published a study of "Academic Research Equipment in the Physical
and Computer Sciences and Engineering" in December 1984. This study
surveyed 43 universities; respondents exhibited serious concern about the
adequacy of their current stock of research equipment. Among the findings
of the study were:

o About half of the department heads'in physical and computer
sciences and engineering characterized research instrumenta-
tion available to untenured and tenured faculty as "insuf-
ficient."

o 90 percent of the department heads surveyed reported that,
as 2 result of lack of needed equipment, their research
personnel could not conduct critical experiments in
important subject areas.

o The top priority need was to upgrade and expand research
equipment in the $10,000 to $1,000,000 range.

o The estimated original purchase Cost of the entire 1982
stock of all $10,000 to *1,000,000 academic research
equipment that had been accumulated in the fields surveyed
was about $1 billion.

o Only 16 percent of those systems were classified as state -of-

the -art. Of the equipment thit was not in the state-of-the -
art category, over half was in less than excellent
condition; about half of such equipment was the most
advanced to which researchers had access.

In addition to the studies and data surveyed above, the NSF has
released a variety of data that are of special interest for this
report. Table III-2 gives seven-year trend data on capital expendi-
tures at all U.S. universities for both research and instructional
purposes. Unfortunately, there does not appear to be any systematic
:my of extracting purely research facility expenditures from these
figures. The two research categories cited correspond roughly to the
five disciplines addressed in this report.
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TAME 111-2

Research and Instructional Capital Expenditures
at Colleges and Universities*

(thousands of dollars)

FIELD 1976 1977 1979 1980 1981 1982 1983

Engineering 8'.,o78 87,718 87,128 89,297 103,329 144,990 134,701

-Physical Sciences

Total:

73,755 65,216 64,685 77,154, 87,813 82,362 87,073

155,433 152,934 151,813 166,451 191,142 227,352 221,774

Source: National Science Foundation

1978 Data not available.
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Research equipment expenditures for U.S. colleges and universities
are summarized in Table 111-3 for.1982 and 1983. The data were obtained
from 85 2erceht of U.S. universities in response to an NSF questionnaire
concerning,non-capitalizethequipont,expenditures. Engineering eqaipaent
purchases averaged'approximatelyt$70 million for the two year period. The
category caiiares.roughly to the combined engineering, electronics, and
materials'eategories of this report.

Table /11-4 lists 1982 estimated research equipment expendi-
tures for 157,of the largest research universities. These 157
institutions collectively accoanted for 95 percent of all nonmedical,
non -FFRDC'RAD expenditures reported to NSF for FY 1980 by all U.S.
colleges and universities. Thus, although the survey represented
only a:small fraction of the nation's approximately 3,000 post-
secondary institutions, it enccmpassed most institutionsmith
significant capabilities for the-kinds of advanced research that
rewireqnstrumentation in the $10,0004. range. The quoted figures
are somewhat higher thanthose in Table III-1, since they include
capitalized equipment, whereas the data of Table III do not.
As in Table 111-3, the engineering:category =mares roughly-to the
combined engineering, electronics, and materials categories of this
report.

Acquisition and replacement costs as of 1982 for research
equipment in the physical sciences and engineering are given in Table
111-5. The total replacement value in 1982 dollars for both fields
exceeded $1 billion. It is interesting to note that equipment
maintenance in both the physical sciences and engineering represented
5 percent of replacement costs.
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TARE 111-3

Annual Expenditures for Research Equipment
at Colleges and Universities

(thousands of dollars)

FIELD 1982 1983

Engineering 65,861 75,171

Aero/Astro 2,284 2,837

Chemical 6,442 6,172

Civil 5,164 6,086

Electrical 18,454 20,685

Mechanical 7,390 10,003

Other 26,127 29,383

Chemistry 33,323 32,826

Physics and Astronomy 38,316 39,916

Totals: 111,373 118,530

Source: National Science Foundation
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TABLE HI-4-

Instrumentation-related expenditures in acadenic departments and Cacilities,
by field and type of university: National estimates, FY 1982'

[Collars in millions)

Principal field of research
in departaent/fteility'and
type of,university

FY 1982 expenditures

Purchase of
`Total research ",

equipment'

Purchase of
research-
related
ceputer;
services?

Maintenance/
repair of
research h
equipment'

Total, selected fields $375.6 $231.0 $84.7 $60.0

Field of research

Physical sciences, total 156.6 94.5 33.9 28.2

Chemistry- 73.7 39.6 23.3 10.8

Physics aid astronomy 83.7 55.2 10.9 17.6

Engineering, total 154.4 90.9 43.9 19.6

Electrical 52.9 36.2 11.5 5.2

Mechanical 23.0 8.7 10.8 3.5

Metallurgical/materials 9.4 7.4 0.8 1.2

Chemical 15.8 7.8 5.7 2.3

Civil 16.4 9.6 5.4 1.4

Other, n.e.c. 36.7 21.3 9.5 5.9

1 Statistical estimates encompass all research departments and all
nandepartmental.research facilities in the physical sciences, engineering
and ccaputer science at the.157 largest R&D universities in the U.S.,
except: (0):tlepartmerts with no research instrimint systems costing
$10,000 or. more and (b) research installations consisting of interrelated

components costing oxer:$1 million (large observatories, reactors
accelerators, etc.):,eSaaple,size e,353 departments' facilities. tee
columns below do not odd up to the'indicated totals because computer
science'and interdisciplinary have been omitted from this abbreviated
version of the or igiral table..',. 1

'...

*` - . .
.

. , ..

2 Estimates refer to'elPinditures for nonexpendable, tangible property or
software having a useful lifeotmore than,two.years and an acquisition
cost of $500 or more,:used wholly or in part for scientific research.

3 Estimates referto purchase of ccaputer'services at on- campus and off -
campus facilities but not to purchase of cuter hardware or.softhore.

4 Estimates encompass expenditures fc- ervice contracts, field service,
salaries of maintenance/repair personnel, and other direct costs of
supplies, equipment and facilitied,for servicing of research instruments.

Source: "Academic-Research Equipment in the Physical and Cccputer Sciences
and Engineering".; National Science Foundation, December, 1984.
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TABLE III-5

Number and aggregate cost/value of academic research instrument
Systems in active research use, by field and type of university:

National estimates, 1982.'

(Dollars in millions]

Principal - field of !Number

research use and, : of ,
type oPuniversity !systems

1

Index or aggregate cost/value

poroope Acquisition Hepiaqement 19 cost-
1 dost4, cost,' value equivalent

Total, selected

fields

17,586 $758.1 $703.2 $1,133.7 $1,162.8

Field of research

Physical sciences,

total

8,424 373.6 153.2 529.3 610.2

Chemistry 4,791 210.4 201.1 295.0 331.7

Physics and

astroncmy

3,633 163.2 152.1 234./ 271.4

Engineering,'Aotal 6,829 259.4 232.4 413.3 374.6

Electrical 1,650 66.4 56.e 92.2 89.0

Mechanical 1,363 50.9 47.8 95.5 66.9

Metallurgical/

materials

998 39.0 36.6, 65.2 60.9

Chemical 682 23.3 22.8 28.6 32.3

Civil 397 14.1 13.9 22.4 21.6

Other, n.e.c. 1,739. 65.7 55.3 109.0 104.0

1 Statistical estimates refer to research instrument systems (including all
dedicatedaccessories and components) originally costing $10,000-$1,000,000
in physicaL-science, engineering,, and computer science,departments and

facilities-atthe 157-largest RAU.colleges and universities in the U.S.
EstimateiTlimited to,s`ystems used'for research in-1982. Sample size =
2,582 systems. The columns below do not add.up to the indicated total
because computer science, materials science, and interdisciplinary have
been omitted from'this abbreviated versiOn'of the original table.

to

2 ManufaciUrer's'list price at,time,of original purchase.

3 Actual cost to acquire instrument system at this university, including
transportation andconstruction/labor costs.

-
4

User estimate of 1982 cost of same or functionally equivalent equipment.

5 Originalixrchase cost converted-to 1982 dollars Using Machinery and
Equipment Index of the Bureau of.Labor Statistics' Annual Producer Price
Index to adjust for inflation.

Source: "Academic Research Equipment in the Physical and Computer Sciences
and Engineering"; National Science Foundation, December, 1984.
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CHAPTER IV

SELECTIVE UNIVERSITY LABORATORY MODERNIZATION

A. INTRODUCTION

This cnapter addresses selected laboratory needs, i.e. facilities
and related equipment, for a segment of the research university
community representing key performers of DOD research for the
disciplines and thrust areas enumerated in Chapter I. These needs,
stratified by discipline and priority in Table IV-1, reflect the
judgment of university research performers and, in certain cases, of
administrators in the Service research offices (OXRs) and the Defense
Advanced Research Projects Agency (DARPA). It should be emphasized that
the cost figures in Table IV -tare estimates of university laboratory
upgrade and modernization initiatives designed to bring university
laboratories closer to sufficiency from the DOD perspective. As

previously indicated, they represent in many cases only partial funding
of the facilities in question through multiple sponsor arrangements.

lbey..are not intended to encompass laboratory needs of the entire
university research community. The latter issue has been addressed in
the various studies cited'in Chapter III. Facilities costs vary among
and within disciplines, reflecting special requirements for the various
thrust areas. They encompass both floor space requirements and
laboratory accessories not falling within-the instrumentation category.
Thus, not all expenditures classified as "facilities" represent
requirements for new or renovated buildings. The stated new floor space
requiremeis,are expressed in "gross" (as opposed to "net") square2feet
at $120/ft . Laboratory renovation costs are calculated at 190/ftc.

The allocation of laboratory needs among the five disciplines
required the exercise of judgment as to the appropriate division between

(a) the parent, pure science fields of Physics and Chemistry, and (b)
the applications-focused areas of Electronics, Engineering, and
Materials. Ultimately, such decisions are to an extent arbitrary.
FUrther, there are clearly a great number of ways to stratify facilities
and equipment needs in terms of disciplines and thrust areas. The
scheme presented.in this report is thus only one of.many,possible
approaches.

Priority 1 facilities needs for the five subject disciplines,
pro-rated over a five-year expenditure period, are $32 million per
year. lbe expenditure level is equivalent to the URIP annual allocation
of $30 million. It is also of interest to note that priority 1 equip-
ment requirements are $31 million per year, i.e., almost identical to
the annual expenditure rate of the five-year $150 million URIP initi-
ative. Unquestionably, sane portion of the $155 million Priority 1
equipment needs cited in this report will be addressed during the final
two years ($60 million) of the URIP program.

14

417



412

Table IV-1. Summary of selected laboratory needs of major university
performers of defense research.

Discipline Priority
Building

Requirements (gross ft2) Facilities

Chemistry

Subtotals

1

2
35,000
412 000

5,000
703

WTAZ
_.44

49,700

Electronics 1 130.000 49,000
2 25,000 ,__6000

Subtotals M5,000 55;000

Engineering 1 296,500 36,200

Subtotals
2 45,300

4Mg6

Materials 1 220,1)00 55,000
2 000

Subtotals
_1_170
390,000 Pgb

Physics 1 80,000 15,800
2 134_000

Subtotals 211,000 8T 586

Sueenry 1 761,500 161,000
2 114,300

Totals ,ZU1
1.7'1%000 275,300

Cost ($ thousands)

Equipment Total Costs

14,000 19,000

Ug 78 100
97,00

33,000 82,000

bitggg
__14000

96,000

39,000 75,200

4,110 4188

62,100 117,100Ng
65.400
182;500

9,300 25,100

.434g Ablog

157,400 313,400
259,4000, 2.3)(011
416,80060 692000*.

"Numbers are rounded to the nearest $100 thousand.

',Includes $150 million for astrophysics high angular resolution imager.
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B. DISCIPLINES

B.1. Chemistry

Large facilities are playing an increasingly important role in

chemical research. It has been an evolutionary process, starting with
opportunities provided by large instrumentation and moving to facilities
comprised of clusters of large integrated instrumentation/cceputational
facilities in regional spectroscoOic facilities.

Ultra high vac= chambers with sophisticated analytical instrumenta-
tion using laser, electron, and ion cluster beans, together with various
spectrometers, are amndatory:for'leading edge research in many areas of
chemistry.. Lasers have become important analytical tools to stuffy the
dydamics of chemiaal'reactiOns and to photoinduce neactions. These
'instruments are, usually short wavelength visible or ultraviolet tunable
lasers that arethimselves pushing the limits of laser technology and
hence require considerable expertise and expense to operate and maintain.
In addition, many research projects are concerwd the chemistry of
materials processing, such as integrated cirm.it fabrication, that demand
clean roam facilities by theirvery

In order to remain globally csmpititive, particularly in areas of
chemistry of importance to ipp 'e !as been recently recognized that
traditional chemical rerAI,T4r.-lailoratory facilities at universities are in
serious need of,upgrading end, :hat shared centralized new facilities are
necessary due to the high costs of the instrumentation and environmental
control required. This evaluation applies to the two topical areas
identified by DOD research managers as candidates for facilities
upgrading, based on scientific opportunities and on laboratory needs.
These priority_topics are laser chemistry and polymeric materials.

Lasers have become a valuable tool in many branches of chemistry.
Catalytic activity and selectivity can be studied by using laser Haman
spectroscopy to determine the vibrational modes and polarization of
structures of molecules adsorbed on single crystal surfaces. High powered
photo- ionizing lasers can be used in conjunction with ion cyclotron
resonance spectroscopy to stuffy the role of metal ions as selective
chemical ionization reagents. Laser induced fluorescence of metallic ions
and subsequent transfer of energy to neutral ions may yield superior
detection limits, =pared to well established analytical techniques that
employ fluorescence of'neutral metal, ions in flames. TWo step laser photo
dissociation of small molecules can be used to elucidate isotope
separation and enrichment processes. In this latter process, an intense
pulsed infrared laser vibrationally excites molecules containing the
chosen atomic isotope and a second ultraviolet laser photodissociates the
molecule, allowing the desired atomic isotope to be collected from the
photo fragments. These examples indicate the utilitarian richness of
lasers in modern chemistry and illustrate that often they are used in
combination with other sophisticated analytical equipment. The facilities
investment described here would establish fifteen laser chemistry centers

419



414

Where the operation and maintenance of the lasers would be accomplished by
support specialists to serve several research projects. On an even larger
scale of centralization, a single free electron laser facility would also
be established to provide a very intense and widely tunable source of
radiation.

Polymeric materials are fund in most military equipuent, because of
their excellent chemical stability, mechanical properties, and low cost.
The'majority of the'research support for 'improvements in these materials
canes from industry in pursUit,of commercial applications, although DOD
does support some research specific to stringent military requirements.
However, theyolymer research of greatest interest to DOD, and for which
university:facilities upgrades are needed, concerns conducting polymers
and Polymeric approaches to, structural composites, ceramics, and self-
reinforcing polyz.Irs. It is important to note that independent industrial
support of research in these' areas is minimal or not aimed at DOD needs.

Conducting polymers that hould ceogne the procesiability,
durability, and;light,weight of plastics with the electrical conductivity
of metal would'find a wide range of applications in military systems
ranging from Solir cells and batteries tip integrated circuits and stealth
structures. Polyacetylene was the first organic polymer to exhibit
electrical conductivity that could range from that of glass to that of
metal, depending on the amount of dopants introduced. Doping methods have
expanded to include solution doping, ion implantation, and electrochemical
doping. Other new polymers'have been"made conducting, including
polypyrroleand,Polythiophene. Polymer processability and stability are
degraded by the doping methods currently used to Aeduce conductivity.
Much research is directed at Impro'Ved doping techniques and-on
incorporating conducting polymers into nonce ducting polymer matrices, as
well as fundamental studies to explain the ,-echanian of electroactivity.

Fiber reinforced composite structural materials are finding many
engineering applications, some of which are described under Materials and
Engineering. Examples of the Chemistry research topics include

organometallic polymer precursors for producing the fibers and self-
reinforced or ordered polymers to attain the mechanical properties of
fiber-reinforced composites without the need for fiber reinforcement. The
most notable of the self-reinforced polymers developed under DOD
sponsorship is polYbenzothiaiole (PBT), which exhibits an extended rigid
chain aignient at the ultra-structural level. It offers low-cost
processing, by casting and extrusion, instead of the sequence of weaving
fibers, stacking of many thin plys, and curing at high temperature
required for conventional fiber-reinforced composites.

Other polymeric materials research includes biopolymers, such as the
polysaccarides for reduced hydrodynamic drag and non-linear electro-optic
polymers for optical signal processing applications. The facilities
investment described here would provide the polymer processing and
characterization facilities for several focused centers of university
research on electrical, optical, magnetic, and structural polymers.
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8.2 Electronics

In addition to the traditional subject areas of electronic devices,
circuits, and systems, the Electronics research program of DOD encompasses
elements of information processing, low energy laser physics, optics, and
material growth. For the purposes of this study, the facilities required
for the growth of electronic and optical, materials are reported under

Haterials'and the low energy lasers, optical circuits, and vacuum tube
research facilities are reported under Physics. The information
processing research, being closely related to computer science,,is not
discussed, since, as mentioned in the Introduction, the National Science
Foundation (NSF) and the Department of, Energy (DOE) have major facilities
programs in progress to provide scientific superceoputing access to
university researchers. DOD, through the modernization program of the
Defense Advanced Research Projects Agency (DARPA), recently made a
significant upgrade in university computing facilities for symbolic
computing in-anticipation of the thrust in strategic computing. The
Office of Naval Research is making available to its principal
investigators-a significant p, Lion of the time of the Naval Research
Laboratories' supereccputer at no cost to the existing research contracts.

A strong and clear consensus has emerged from this study indicating
that the research managers of'the Electronics program within the DOD feel
that microcircuit fabrication at dimensions much smaller than those of the
Very High Speed Integrated Circuits (VHSIC) program represents the
greatest opportunity and greatest research facility need within
Electronics. The feature sizes desired are 10 to 100 times smaller than
the one-micron regime currently being advanced under VHSIC. It is in this
regime that entirely new modes of operation of electronic, optical, and
magnetic devices occur, due to the quantum effects produced by the limited
number of atoms contained within these small dimensions. These phenomena
present'the possibility of creating devices whose performance can be
greatly supericir to that predicted from the-bulk characteristics of the
materiallYam which-they are fabricated. This has already been observed
for high speed field effect transistors (FETS), when, the device dimensions
are reduced belw one-tenth micron. It has also been observed that
dramatic increases in transmission properties of optical materials occur
when very thin layers of material are stacked in a multilayer sequence,
offering the possibility,of improved photodetectors and lasers.

The fabrication of these novel devices requires very advanced and
expensive-equipment for the deposition, lithography, and selective removal
of the deposited materials. In addition, sensitive analysis of the
surfaces and interfaces between dissimilar materials needs to be performed
during the-fabrication process. This is in contrast to current commercial
practice (eien-for sophisticated microcircuits), where the analysis by
electron-microscopes and spectrometers is accomplished after the circuits
are removed from the fabrication apparatus and before they are inserted
into the next, apparatus in the fabrication sequence. This requirement for
in-situ analysis has greatly increased the minim= cost of doing research
on device fabrication.

The facilities in which this instrumentation is housea require
extreme control over air purity, to avoid dust particle disruption of the
fabrication, and extreme control over vibration, to avoid misalignment of
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the successive patterns employed in the fabrication sequence. The
reliability of'these as yet undeveloped circuits is anticipated to be a
major concern that is best addressed early in their development, since the
failure phenomena are anticipated to be inextricably tied to the
fabrication process employed at the microscopic level.

Forthesereasons, the.first priority in microcircuit fabrication
was giveno the refurbishment and upgrading of up to six university
centers for microcircuittfabrication, with a second priority of augmenting
two university,reliabilitY research centers to work closely on this new
class of-circuits.

In a-separate, but'reiated, research area, reliability at the
systems level' is perceived to be threatened today by the suweptibility of
advanced solid state circuits to electromagnetic interference at
relatively widest potter levels. Research into hardening Weapons systems
against intentional enemy,electranagnetic interference or .inadvertent
disruption by radiation from nearby friendly systems is required. The
facilities for enabling university participation in this research include
anechoicchtmbers and electromagnetic measurement instrumentation as a
first priority, and dedicated computational facilities for modeling as a
second priority.

Engineering encompasses the disciplines usually associated with
university departments of mechanical engineering, aeronautics and
astronautics, civil engineering, industrial engineering, and materials
engineering. The subject matter frequently overlaps that,.of the other
disciplines, such as Materials or Chemistry, but is usually closer to a
specific end application or requirement. For example, composite
structures:is ahrust area that has the same ultimate goal as Materials
researchton structural composites, namely lighter weight and stronger
structures forbuilding weapons platforms. The distinction is the focus
in Engineering Owdetermining the performance orcomposites through
innovatiVe'design and analysis of structures using state-of-the-art
materials. Research results are fed back to materials scientists to
provide guidance to their endeavors. A base of knowledge about optimal
design methods is thereby developed for apPlibation to many problems.
Proceeding with this example, non-destructive evaluation (NDE) techniques
must be developed to enable the engineer to perform these measurements in
support of the analysis of composite structures. There is considerable
resultant interaction with the materials,scientists who also need NDE
teobniques to evaluate their progress in controlling the composition of
materials.

Similarly, the area of Energetic Materiali and Combustion involves
considerable interaction with chemists to improve propellants; explosives,
and fuels. The facilities in these two areas are typically large and have
a significant element of concern for the safety of the personnel perform-
ing the research. The instrumentation is becoming dominated by lasers and
analytical tools similar to that needed in Materials science.

Fluid mechanics and acoustics are the classical, almost exclusive,
domain of Engineering, with slielt involvement by molecular and chemical

:1
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physics. The facilities are typified,by,dedicated wind tunnels and water
tunnels. Instrumentation is dominated by automatic digital data
acquisition and digital cocputer modeling and simmlation,of the
phenomena. , Laser probes, and acoustic sensors,with sophisticated signal
processing are also mainstays of instrumentation in this discipline.

Hanufncturing,,design, and relipbility.have increasingly been moving
toward a computer- dominated emphasis on graphics, design aids, expert
system for process control, artificial intelligence to relieve pilot
workload in single seat helicopters, and self diagnosis and self repair of
machines and weapons systems. Classical industrial engineering, computer
science,.and structural_ engineering are very much coming together in this
field. fie facilities are replicas of factory workcella or simulators of
aircraft cockpits and the_instraomtation is heavily cceputer,networked.
The Defense Advanced Research projects Agency (DARPA) is making advanced
teleconferencing equipment available to several university centers in
robotics:sotthey may test their algorithms for robot vision on the DARPA
autonomous land vehicle located at acontractor !acility, They will also
plan to provide replicasmf a fingered robot c.ind to many of these
university research centers. Wm-destructive evaluation for manufacturing
process monitoring. and controlos well as for inspection of finished
parts and fielded,systems, requires a comprehensive research program,
Mich would best be accomplished through a center of excellence in
non-destructive evaluation/characterization.

Soil mechanics is uniquely supportive of blast hardened silos,
construction, maintenance, and repair of runways, and priority command,
control, and,cozmunications centers. The facilities at universities are
presses, shock tubes, or high-JD centrifuges.

B. 4.. Materials

Materials research includes the growth of semiconductor, magnetic,
and optical materials, as well as.precessing and fabrication,of structural
materials such as metal alloys, ceramics, and composites. lbe.processing
of semiconductor materials into electronic and optical devices and
circuits is reported under Electronics, while the testing of structural
composite materials and non-destructive evaluation for both manufacturing
and in-process control of materials is-reported under Engineering. This
traditional, division of research responsibility.has begun to blur in
recent years, and,multidiaciplinary research,teams have been forming in
recognition of the strong interaction betueen,material growth, component
fabrication, and ultimate system performance. In fact, for optimum
coordination,, the facilities requirements reported in this section for
compound semiconductor growth should be co-located or closely adjacent to
the microelectronic fabrication and reliability facilities reported under
Electronics.

Ihejlreatest potential payoff and also the greatest investment costs
are perceived by D3D materials research managers to be associated with two
areas: the growth of compound semiconductors and the fabrication of
advanced structuraLcomposites. High priority at somewhat reduced
investment is given to facilities for optical and magnetic materials and
for research on structural ceramics.
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Compound semiconductor growth has received only a small fraction of
the scientific and technieal'atteution that has been spent on silicon.
This has been'entirelyjustified to date, since'silicon possesses
excellent electrical, therial,'Ishd chemical properties, especially with
its high qualitylnativeoxidea and silicides. Being an elemental semi-
conductor, silicon is significantly simpler from a device processing
standpoint than the compound semiconductors, such as gallium arsenide,
cadmium telluride, 'and alloys,..e.gvgallitax aluminum arsenide and mercury
cadmium telluride. The steady doubling bf the capability oraiticon
integrated circuits every two to four years for the past twenty years is
evidence of the.wialcm of this'research investment strategy. It is only
recently that the material property limitations of si:iron'have presented
a serious limit to device performance. Research attention is currently
turning to at least.threi ways to get arduid this limitation. One
approach is mentioned in the Electronics section, having to do with new
device physics asioCiatedUlth u%tra small device dimensions. A second
approach, for intonation processing, is to use artificial intelligence-to
make "smarter" rather than just "faster" computers. The third approach is
to turn significant resources toward-the growth and characterisation of
the compound semiconductors. The faCilities investment that is detailed
here would permit four to seven university centers to advance the
technolcel of =owl semiconductors for signal detection, signal
processing, millimeter waves, and coMmunications, to florae just a few DOD
priority applications.

Composites materials have similar exciting potential for structural
applications, ranging trial high strength, lightweight airfrimes and large
space structures to.lightweight armor for highly mobile combat vehicles.
These materials utiliie high strength fibers embedded in polymeric,
metal, or ceramic matrices. The creation of that fiber itself and the
interaction between the fiber and the matrix during the processing largely
determine the performance and reliability of the composite.uhen exposed to
harsh military environments over its service life. Only recently have
advances in analytical tools penmittecithe microscopic characterization of
these materiels, both physically and chemically. These tools are 'both
elegant and expensive. The facilitieS investment detailedhere would
establish, through new construction and refurbishment, six centers of
university research ostructural composite materials.

.Optical materials are beginning to emergein Communications and
signal per...amazing applications. The a4eances that have been made in
optical waveguides using silica glass exemplify the success possible
through materials processingresearch. The combined stringent
requirements for low transmissien loss and veryhigh tensile strengthwere
achieved through research linkingimaterials structure, properties, and
performance. Magnetic miterials'in%bulk form are widely used in critical
electrical components, such as electromechanical switches and microwave
phased array transmitters and receivers. In thin film form, magnetic
materials are used for recording media and non-volatile memory. The
facilities investment described here would establish two aniversity
centers in optical materials and would aupkent one existing university
center in'amgrietic materials.

Struct&al ceramiCs.riseirch'of higo quality is performed in a
number of small university laboratories that are in need of refurbismnent
and expansion to apply modcrn microstructural analysis techniques to
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processing of high temperature ceramics for hostile environments. Both
bulk ceramic components, such as radcmes for high velocity aircraft, and

ceramic coatings on turbine engine components would.benefit from this
upgraded research capability.

Finally, it shodld be noted that a segment of the materials research
community is dependent upon support from very large research facilities,
such ns synchrotron and neutron sources. None of these facilities are
included in this report. The predominant funding for these national
facilities'comes from NSF and-DOE, with only minor support from COD. Any
decrease in support of these facilities by the other agencies would
severely affect the DOD Materials research program.

Research on new and Improved sources of electromagnetic radiation is
a major compohent of the Physics program of DOD. The free electron laser
is a directresdlt of high risk research funded by DOD. It has demonstra-
ted an entirely new mechanism for generating coherenbradiation that is
freed from the usual constraints imposed by the need for a material
medium. This device,has already demonstrated that very wide tunable
bandwidth is possible; this has great implications for its utility as a
scientific research tool in the analysis of materials,,and,as a frequency
agile radiation Source for potential military applications, such as
communications and targettracking. Recirculating the electron beam in
storage rings offers theoretically high efficiency and hence the potential
of high power free electron lasers for directed energy weapons
application. The facilities investment reported in this section under
coherent radiation sources would refurbish and upgrade :ee to four
existing laboilltories performing research on these novel sources.

More conventional lasers for a variety of wavelengths are being
explored as tools for research on ultra small integrated circdits, optical
computing, catalysis, and molecular biology and for tactical warfare
applications such as target designation, optical jamming, and covert
communications. The first demonstration of the use of a finely focused
laser bean to deposit micron-sized metal connecting lines on semiconductor
surfaces occurred under DOD sponsorship in the last five years. It was
immediately picked up by the integrated circuit mandfactorers as a tool
for repairing defects in expensive integrated circuits, and in the
photanasks used to produce the circdits. Prior to this breakthrough,
lasers had only been used to remove excess material from circuits by
vaporizing short circdits and trimming resistors to tolerance. This
research continues today under DOD sponsorship and is demonstrating novel
methods of doping circdits and of depositing insulators and conductors.

Other laser research projects are attewpting to leapfrog over the
limitation foreseen in silicon integrated circdits that results from the
fact that as much as three-quarters of the surface of these circuits is
devoted to metal interconnecting lines between the hundreds of thousands
of constituent transistors. The propagation delay of the signals moving
on these interconnects at the speed of light is becoming more important in
determining the circuit speed than is the switching speed of the
transistors. Optli _ computing chips afford the prospect of distributing
the signals by laser beams to many portions of the circuit simultaneously,
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thereby avoiding the input-output bottleneck of electrical integrated
circuits. The facilities reported under optical ccemunications and
spectroscopy in this section would establish a new center for optical
circuitry and would upgrade an existing laboratory for optical
communications.

Directed energy devices require large facilities for research. The
high voltages'and currents required can only be stored and switched by
physically large components as dictated by the scaling laws of electrical
power engineering. To some extent this represents a departure from the
usual scale of university research funded by DOD, since "big physics" is
usually" mported by NSF or DOE. DOD has funded university centers in
pulsed power, but this has represented only approximately 10 percent of
the physics iodget. The facilities described under directed energy
devices -would expand the existing pulsed power centers and upgrade other
centers fbr research on accelerators and microwave and millimeterwave high
power sources. Bean propagation and the interaction of electranagnetic
energy with materia/s'would also be-studied at these centers,

Astrophysics research directly produces knowledge of the backgromd
radiation againstiAlicl-apace objects must'he detected. Secondarily, the
advances in instrumentation (Optics, infrared, and x-ray) needed to conduct
this researchliproveour military capability to detect and track space
objects and to detect nuclear events in space. The major facility upgrade in
this section, aneindeed,.the single highest cost item in the entire report is
a $1504 high angular resolution imager center whose goal is a hundred-fold
increase in image sharpness on celestiarcbjects and space vehicles.

C. SLENARIESs

Laboratory facilities and equipment needs for thrust areas associated
with the foregoing disciplines are given in the following summaries. The
science and technology implications of laboratory enhancements, and ;.heir
national security consequences are also addressed.

1



Thrust Area: Laser Chemistry

Laboratory Needs

CHEMISTRY

Building Reqqirements

Facilities: (gross ft) Cost (S thousands)

-- Priority 1
New construction ---

Renovation /expansion 20,000 3,000

-- Priority 2

New construction 75,000 9,000

Renovation/expansion 150,600 13,500

Subtotal euy,u00 05,506

Total Facility

Equipment: Linear accelerator and storage ring electron sources; upgrade
equipaent for'free electron laser facility to enhance short wave-length
bean power; arrays of six lasers (dye, argon ion), with diagnostic,

data processing, and bean direction equipment for each of 15 laser
chemistry centers.

Priority Cost (S thousands)
7,000

2 30,000

Subtotal

Total Cost: $62,500,000

Technical Objectives and Opportunities:

377015U

-- Priority 1
An upgraded free electron laser laboratory would be established. It would
be a high power, high time resolution facility essential to progress in
chemical reaction kinetics, surface physics and chemistry, hot carrier
electron transport investigations, and high resolution photo emission studies.

.;..:Priority 2

Fifteen laier chemistry centers would be established. This number
representsa best estimate of university cammxlity requirementS to ensure
that DOD- sponsored research in the field is conducted in an efficient, cost-
effective canner. Centralized laser resources would facilitate the sharing
of expensive instrumentation and permit a reduction of maintenance costs
through the pooling of technicians and shop facilities. The centers
would include picosecond lasers which, especially in the ultraviolet
region, offer a new tool for studying the dynamics of chemical reactions.

National Security Consequences: Fundamental knowledge of chemical reac-
tions is crucial to much of military technology, e.g., to the improvement of
propellants, explosives, fuels, lubricants, and high energy lasers.
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CHEK/STRY

-Thrust Area: Polymeric Materials

Laboratory Needs

Building Requirements Total Facility
'Facilities: (gross ft ) Cost (s thousands)

New construction

Renovation/expansion

New construction

-- Priority 1 --

15,000

-- Priority 2 --
170,000.

2,000

20,500

Renovation/expansion 17,000 1,700
Subtotals 101,outl 72172(R3

ui nt: Polymer molding; film casting; film and fibers, drawing/
or co a on equipeent; integrated scanning transmission electron
microscopes and x-ray detector systems; SQUID magnetometers; picosecond
spectroscopy systems; Fourier transform nuclear magnetic resonance units;
electrophoresis equipment; data processing and analysis instrusentation;
dedicated computer resources.

Priority Cost ($ thousands)
1 7,000
2 3,350

Subtotal 10,35U

Total Cost: $34,550,000

Technical Objectives and Opportunities:
-- Priority 1 --

Laboratory upgrades would provide significant capabilities for new polymer
research at the molecular level, heteroabas polymer synthesis and character-
ization, characterization of polymers for electronics, etc. Focused centers
would be established for the development of a) a new generation of polymers for
electronics, optical, and, gnetic applications, and b) composite materials
with unprecedented toughness and high temperature capabilities.

Priority 2 --
The proposed expenditures would greatly enhance research in the areas of
composite materials, ordered structural polymers, and polymer thin films for
electronics applications. This in turn wouldlead to the development of
improved dielectrics, capaCitors, and electl'oicfive polymers for uses such as
piezoelectric sensors.

National Security Consequences: Polymer materials are essential elements of
virtually all strategic and tactical weapons systems. High temperature metal
matrix and cer:amic'matnii composites for applications such as radiation-
hardened Structures and gas turbine blades require high temperature fibers.
Other,epplications include cheap, expendable acoustic detectors for sonic
buoys, and a variety of electronic microdevices. Improvements in polymeric
materials would enhance ttie performance, reliability, and maintainability of a
wide array of'weapons systems and logistics equipment.
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ELECTRONICS

Thrust Area: Microelectronic Fabrication and Reliability for
Unique DOD-Critical Devices/Materials

Laboratory Needs

Facilities:

New construction

Renovation/expansion

New construction

Wilding Requigements Total Facility
(gross ft') Cost ($ thousands)

-- Priority 1
60,000 30,000

60,000 15,000
-- Priority 2 --

---

Renovation/expansion 2r_ 000 4,000
Subtotal: 140;1500 49,000

E ui ent: Vacuum and plasm deposition; electron bean and x-ray
gra y; plasma etching; wet chemical etching; impurity analysis

with electron and ion beans; computational support for device modelling
and process simulation; environment simulators for temperature,
humidity, vibration, and synchrotron light source for surface diagnostics.

Priority Cost ($ thousands)
1 30,000
2 6000

Subtotal: 369000

Total Cost: $P5,000,000

Technical Objectives and Opportunities:

-- Priority 1 --
Provide vibration-free facilities for extremely small feature-size (one
hundred angstrom) micro-circuit fabricationof devices utilizing technology
beyond VHS1C. Electron -bean and x-ray lithographic equipment and plasma and
laser enhanced photo deposition apparatus are required. Electron and ion -
beam imaging systems for measurement analysis of ultra small structures are
necessary.

Priority 2 --
Establish-research capability,in reliability of micro-circuit devices,
especially with respect'to temperature, humidity, and radiation hardness
of ultra small devices. Expand synchrotron analysis capability for analysis
of electrical contacts and other natural interfaces.

National Security Consequences: Integrated circuit fabrication is
pressing the limits of our knowledge of chemistry and physics, particularly
of interfaces between materials, and the utilization of unique materials for
DOD devices., Research to provide the kowledge required for further
advances in integrated circuits can only come if researchers in university
laboratories have access to state-of-the-art fabrication equipment and
processes. Reliability of military systems using integrated circuits
depends to a large extent on the processes used to fabricate circuits and
their stability over time.
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ELECTRONICS

Thrust Area: Systep,Robustness and Survivability

Laboratory Needs

EUilding ?equiments Total Facility
Facilities: (gross ft) Cost $ thousands)

-- Priority 1 --
Slew construction

Renovation/expansion 10,000 4,000
-- Priority 2

Hew construction ---
---

Renovation/expansion 5
Subtotal:

11(29.

tg8f5;000 ig
Equipment: Electromagnetic generators; anechaic chambers;
microwave measurement equipuent;,,propagation ranges; computation
facilities for modelling and diagnostics.

Priority

2
Subtotal:

Cost (t thousands)
3,000

31292.
5,000

Total Cost: $11,000,000

Technical Objectives and Opportunities:

-- Priority 1 --
Expand existing facilities for the measurement of electromagnetic
propagation, measurement, and system network investigations.

Priority 2 --
Provide computational facilities to enhance-modeling of electromagnetic
interference phenomena.

National Security Consequences: Sophisticated weapon systems are
potentially vulnerable to electro- magnetic interference, either consciously
induced by enemy forces or unintentionally introduced through radiation
from friendly force equipment. Subtle interactions between electronic
systems operating on the same platform can degrade performance or completely
deny wax? systems availability. Fndamental.scientific understanding of
means for minimizing these effects is required to supplement tne current
engineering fixes betng pursued.



Thrust Area: Combustion

- Laboratory Needs

Facilities:

425

ENGINEERING

Building Requirements

(gross ft)

-- Priority 1

Total Facility

Cost ($ thousands)

Ni e construction '57,500 9,250

Renovation/expansion 95,000 8,f00

Priority'2 ;-
New construction

Renovation/expansion 9,300 1,250

Subtotal 161,800 19,100

ui nt: Variable high - pressure flow reactors; optical diagnostic

ns rumen ationvcheMical analysis instrumentation; vector processors for
the simuletion'of turbulent multiphase, processes; dedicated computer
diagnostic bincranalysis capabilities.

Priority Cost ($ thousands)
1 15,000
2 11,750

Subtotal 2b,750

Total Cost: $45,850,000

Tecnnical Objectives and Opportunities:

-- Priority 1
Conduct research on improving the energy efficiency of turbine and internal
combustion engine:., investigate the viability of, alternate fuels (e.g.,
methanol), develop insights into high-pressure,.high4emperature.comtustIon
chemistry of present and future propulsion fuels, study multiphase
turbulent reacting fuels, and observe high altitude and high mach number
combustion processes.

"* =- Priority 2 --
Develop unique facility for studying -combustion and plasma phenomena of

propulsioh systems; anticipated benefits..!nclade,increased understanding of
ramjet and rocket motor instabilitiei, fire propagation phenomena ignitioh
and flame propagation mechanisms, and plasaa/gas dynamic interactions.

Upgrade facility for quantitative flow field.imaging to advance
understanding o: phenomena underlying energy conversion, aerodynamics, and
propulsion' processes:

National"Secbrity Consequences: IMprove the range, performance, and relia-
bility of aircraft, missile, ship, and land vehicle propulsion systems; enhance
payloads, lower operating costs, reduce corrosion and detectable exhaust
signatures, increase fuel performance, and reduce engine development time.
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ENGINEERING

Thrust Area: Ccmposite Structures

Laboratory Nevus

Building Requitements Total Facility
Facilities: (gross ft) Cost (1 thousands)

Priority. 1
Mew construction

Renovation/expansion 5,000 1,180

-- Priority 2 --
N/A

Subtotals 37611 1,180

ui nt: Mechanical testing devices capable of multiaxial and variable
o ng rates in high temperature environments; real-time non-destructive

Utri$onic, acoustic emission and x-ray,radiograPhy testing equipment;
high temperature test'equiliment with associated data processing and
dedicated computational capcbility.

Priority Cost ($ thousands)
3,420

2 ---
Subtotal TWO

Total Cost: $4,606,000

Technical Objectives and Opportunities:

--'Priority 1 --
OompoSite'ilateriais haVe'not teen exploited to the degree possible, due to
a lack of detailed'Onderstanding of their response to complex loading
conditions, high strain rates, and hostile environments. The proposed
facility would likely engender major advances in the understanding of the
thermomechanical behavior and failure characteristics of composite
materials, with emphasis on high temperature conditions.

---Priority
N/A

National .Sechrity Consequences v Military applications of composite
materials include engine hot sections, nozzles, missile nose cones,
aircraft surfaces, lightweight high-strength materials,. etc. Improved
materials are key to enhancihg the performance and maintainability of
wea0Ons Systesa and logistics equipment.
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ENGINEERING

Thrust Area: Energetic Materials

Laboratory Needs

Building Requicements
Facilities: (gross M)

Priority 1 --
New construction

Renovation/expansion

-- Priority 2 --
N/A

Total Facility
Cost ($ thousands)

1,000

Subtotals 1,000

ui nt: Mechanical and x-ray diagnostic devices; time-resolved
optical spectrometer; electromagnetics effects sensor; gas guns; sample
preparation equip)ent; specialized machine,shops.

Priority, Cost'($ thousands)
1 7,000
2

Subtotal 77COU

Total Cost: $8,000,000'

Technical Objectives andCpportunities:

Priority 1 --
A primary objective is the development of a broad class of high performance
propellants. A second priority objective is research on energetic
materials (explosives, propellants, etc.) which remain inert under shock
conditions. This involves theoretical and experimental investigations of
atomic and molecular processes in shocked conderifed wave materials.
Experimental research would provide time:resolved optical, x-ray,
electrical, and mechanical OiagnostiCs on materials stimulated by
mechanical impktors or Iasers.

7' ' Priority' 2 --
N/A

National Security Consequences: Inadvertent ignition of explosives and
propellants under mechanical shock and thermal stress is a significant
operational,bazard: particularly under combat conditions. The develoment
of energetic material hich a) are relatively inert to those stresses, and
b) function optimally on command, would mitigate this problem.
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ENGINEERING

Thrust Area: Fluid Mechanics and Acoustics

Laboratory Needs
Ruildia0equicements Total Facility

Facilities: (gross ft) Cost ($ thousands) ,

PriPrity 1
New construction ---

Renovation/expansion 7,000 650

-- Priority 2 --
New construction

Renovation/expansion 350
Subtotals 1M00

Equipment: ,State-of-the -art instrumentation for physical acoustics
research including highly stabilized lasers, cryogenic' equipment, and
digital processing gear for automating signal detection and.data

processingrinstrUmentatiOn and support equipmentfor wind and water
tunnel facilities for the upgrading of data acquistion and reduction
capabilities. For water tunnels, traverse sechanisms,,non -linear wave
generators, current gener"ators, and related measuring'instrccents are
needed. Wind tunnel requirements include a multi-axis, three-dimensional
laser doppler anemometer, and equipment for generating'oseillatory flows.

Priority Cost ($ thousands)
1 3,600
2 3,350

Subtotal 0,95U

Total Cost:' $7,950,000

Technical Objectives and Opportuitties:

Prioeiti1
Wind tcolncls facilities - provide a national resource for studying

twbulent and unsteady flows in Reynolds number regimes typical of subsonic
rteht, and a second facility devoted to the study of the physics of
senarated'Elews and,trunsitionIng boundary layers, This research could
lead to the.dev,dencent of r6alutioncry concepts of, and prediction
methods for, flow managewent and cortrol in 'ale flight vehicle .! ..ronment.

-- Water - upgradean euisting,fJcility to-greatly-reduce
flog noise infiereNt in present tunnel Configurations. rais ienrovement
would' facilitate ...search on redwing.flow noise due to turtulent,boundary
layer flaaaraind-ship'hulls. '

-- Priority 2 --
-- Wi.id tunnel facilities - modifications at two sites to facilitate a)
research on the prediction of the transition from laminar to turbulent flow

1'; t
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and its impact on vehicle drag, and b) low turbulence flow phenomena with
emphasis on associated viscous effects, leading to improvements in aircraft
design and control technology.

Studies of nonlinear surface wave mechanics to enhance understanding of
wave/wave/current interactions, ocean wave/ship wake interaction processes,
and associated underwater acoustics, leading to improvnents in ship
designs,A2ke signature reduction, etc.

-- Integrated physical acoustics laboratory to facilitate research in sound
propagation and attenuation, molecular and chemical physics, and underwater
acoustics.

National Security Consequences: The proposed facilities enhancements
would support research critical to improved aircraft performance, range,
payload, and fuel efficiency. Defense applications of water tunnel
upgrades incluie improved range and performance of ships (surface and
submersible), reduction of noise signatures of submarines, and enhanced
performance of acoustic sensors through the reduction of host-sensor
interference.
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ENGINEERING

Thrust Area: Manufacturing, Design, and Reliability

Laboratory Needs

Requiements
(gross ft)

Total Facility
Cost ($ thousands)

Building
Facilities:

-- Priority 1 --
New construction 77,000 9,250

Renovation/expansion 55,000 6,250

-- Priority 2 --
New construction 10,000 1,200

Renovation/expaansion 20,000 4,500

Subtotals 1e.2,0tX1 21,200

ui nt: Hardware and software for design of component inspectability
an manufacturing process control functions; integration of advanced non-
destructive testing capabilities with computer-aided mechanical design
methods; modernization of dynamic track facility including electronic
sensors and displays, simulators, and noise and vibration sensors; human
factors diagnostic equipment; avionics gear; combustion diagnostic
equipment.

Priority Cost (I thousands)

10,000
2 3,000

Subtotal TITIDUU

Total Cost: $34,200,000

'Technical Objectives and Opportunities:

-- Priority 1 --
Advances itymanufacturing methods having DOD -wide implications for reducing
weapons system life -cycle cost, and for enhancing systems reliability,
would be pursued. Ancillary objectives include reduced lead times and
product development costs, improved productivity and quality control, and
reduced inventory costs. A new, unique interdisciplinary manufacturing

technology facility emphasizing optimal materials utilization and product
reliability would be established. Emphasis would be placed on applications
of artificial intelligence concepts to the manufacturing cycle. A second
laboratory would be developed for studying the application of computers to
the design, manufacture, and control of complex systems, and for the
development of advanced composite materials.

Integrated, coordinated research into all aspects of rotorcraft design,
manufacturing, and performance at two laboratories ,s a second objective of
the proposed expenditures. Areas of concentration include computer -aided
design and manufacturing of rotorcraft components, toe study of human
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factors problems associated with the workload of single pilots in a high
pertbnaance rotorcraft, stability and control research, and combustion
studies aimed at enhancing engine performance.

-- Priority 2
Factory of the future concepts would be explored combining manufacturing
physics and artifical intelligence, kith emphasis on the development of
unmanned, self-diagnostic, and self-repairing machines and robots.

Upgrades of two more rotorcraft laboratories addressing the technical
issues' outlined for Priority 1 would be made possible, with emphasis on
rotorcraft dynamics and avionics, respectively.

National Security Consequences: Procurement and maintenance cost-
containment are key considerations in the DOD budget. The proposed
facilities would support research directed toward these goals. Improved
quality control would enhance product reliability. Army mobility rests to
a great extent on rotorcraft (helicopter) performance capabilities,

including speed, lift capacity, payload, and crash-worthiness. The
proposed facility expenditures would address all of these factors in a
much more comprehensive manner than is now fees.
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ENGINEERING

Thrust Area: Soil Mechanics

Lahorator, Needs

Wilding Requrements Total Facility
Facilities: (gross ft') lost (S thousands)

-- Priority 1 --
N/A

-- Priority 2
New construction 6,000 1,600

Renovation/expansion --- ---

Subtotal 6,000 1,600

Equipment: Four hundred C -ton centrifuge with support apparatus.

Priorit Cost (S thousands)
N/A

2 200
Subtotal ZfN

Total Cost: S1,800,000

Technical Objectives and Opportunities:

-- Priority 1 --

N/A

-- Priority 2 -_
The centrifuge would permit the study of soil and structure phenomena in
realistic stress regimes not possible with present facilities. The
laboratory would be developed to study both static and dynamic loadings.

National Security Co -s uerces: Research would be applicable to the
development of imprcv structures for missile silos and hardened tactical
facilities.
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MATERIALS

Thrust Area: Optical and Magnetic Materials

Laboratory Needs

Building Requirements
Facilities: (gross ft 4)

-- Priority 1 --

Total Facility
Cost ($ thousands)

New construction 10,000 3,000

Renovation/expansion 15,000 2,000

-- Priority 2 --
New construction ---

Renovation/expansion 10,000 2 000
Subtotal: 35,000 170-00

Eguipment: Preparation and handling facilities; high vacuum

computer - controlled annealing ovens; fiber extrusion and
cladding apparatus; grinding and polishing equipment; electron bean
microscopes; laser diagnostic facilities; secondary ion mass
spectrometers; electron spectrometers; Raman surface spectrometers;
high field magnets; casting/grinding/magnetic aligning/sintering
equipment operating in "oxygen-free" atmospheres.

Priority Cost ($ thousands)

2,300
2 1,000

Subtotal: 3,300

Total Cost: s10,300,1100

Technical Objectives and Opportunities:

-- Priority 1 --
Establish two university centers of excellence in optical materials for both
fiber-optic applications and integrated optics circuits for signal
processing. Facilities'should inclade material growth, device fabrication,
and evaluation capabilities. The centers would generate benefits in such
DOD high pay-off areas as durabli.low loss.fibers, laser sources in the ultra-
violet and visible wavelength ranges, detecbtijk.the 8-14 micron region,
vapor_Processing/deposition proc rPIlnear optical materiali, etc.

Priority'2
Expand existitarcapability in Magnetic materials for improvements in field
strength and in temperature operating range of rare earth magnet materials.
Research emphasis could be on materials characterization and structure
definition using Mossbauer, x-ray,diffrection, scanning transmission electron
microscope, and neutron diffraction methods.

National Security Consequences: COtical materials are assuming greater
110Tificance to defense systems for surveillance, laser designation, and high
energy laser weaponry. In addition, optical signal processing may provide an
alternate to conventional integrated circuits for information processing.
Magnetic materials are currently used in microwave transmitting devices,
switching devices, and in non-volatile memory systems for crucial military
information processing and conmunciation systems.
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MATERIALS

Thrust Area: Silicon and Compound Semiconductor Growth

Laboratory Needs
, Building NequArements Total Facility

'Facilities: (gross ft ) Cost (S thousands)
-- Priority 1

20,000 15,000New Construction

Renovation/expansion 40,000 8,000

-- Priority 2
New construction --- ---

Renovation/expansion
Subtotal:

40,000 10,000
100,000 ..,

Equipment: Molecular bean epitaxy; metal organic chemical vapor deposition
electron bean diagnostics; laser probe diagnostics; mass spectrometry.

Priority
1

2
Subtotal:

Cost ($ thousands)
30,000
10,000

40,000

Total Cost: S73;000,000

Technical Objectives and Opportunities:

-- Priority 1 --
Crystal growth facilities for low defect silicon and for device quality
gallium arsenide and gallium aluminum arsenide are ...quired. Instrumentation
in this area combines growth with evaluation of materials within the same
deposition chambers. By contrast, in Commercial practice crystal growth of
bulk ingots is performed in an,activity'separate from the evaluation of the
grown material. These facilities are extremely expensive and are in the
laboratory apparatua'phase-cUrrently, with few commerical instruments being
available.

1-
Pridrity 2 -1

Crystal'growth facilitieefdr-advanced compound semi-conductors such as
mercury cadmium telluride are required for the improvement of optical as well
as electronic devices. Relatively, little research has been done on the
application of modern growth techniques to these compounds, largely because of
the attention focused on silicon and gallium arsenide.

National Security_Consequences: Integrated circuits are at the heart of
most modern military systems; from command and control to smart weapons. The
VHSIC program has made a major advance in the capability of these devices, by
reducing the feature size down to the one micron regime. Future advances in
thiscircuitry-will require greater fundamental understanding of the
functioning of conventional integrated circuits. For feature sizes even
smaller'than this, quantum effects will introduce wholly new device phenomena,
presentinglajor opportunities for advancement in information processing
capabilty; Examples of technology applications include ;nfra-red focal plane
array detectors, integrated optics, millimeter and microwave integrated
circuits, and optoelectronics.
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MATERIALS

Thrust Area: Structural Ceramics

Laboratory Needs

(gross ft)
Total Facility

CoPt ($-thousands)

Building:Requicaments
Facilities':

New construction'
-r,priority 1

20,000 F,000

Renovation/expansion 5,000t, . . 1,000;

-- Priority,2 --
New construction

_ -
30;000 5,000

Renovation4expansion 10,000 2,000
Subtotal: 65,000,- 1 °°0

Equipment: Ball milling and mixing - equipment; hot isostatic

,presseskvacuumpkcontrolled atmosphere furnaces;, fume hoods;
surface -analysts.equipment; scanning elecq.gthicroseopes;

secondf3FFiolcraass,siiectrceeter$;.x-raydiffcaetcaeters;
'comp*tionatfaCiliti4:0r4data acquisition and.prOcess
modelling.

Priority Cost ($ thousands)

9,800
2 5400

Subtotal: 15,200

Total Cost: $26,200,000

Technical Objectives-and Opportunities:-
-= Priority 1

Three university laboratories currently involved in ceramics research would be
upgraded. The. priMary,benefiii,incluie enhanced understanding, of the,funda-
mental relationships_beiween^,(a) ceramics constituents; and processing

Eachniques,'ene(b) imatecial:PrOpe4iereproducibility, and reliability.
Elucidation of these goverhing;facbori:should,greitly reduce -.the time required

todevelOplimprdved-ceramiC'materials'and eoiposites. .Principal research
benefits envisioned include development of non=destructive evaluation tech-
niques, methods for the deposition of ceramic coatings using plasma techniques,
and develoOmeqt of materials,Which will tolerate severe thermal shock and
sustained hig,h-teveraturei; and which have-imiform, reproducible
microstructures.

-- Priority 2 --
Three- additional laboratory facilities, would be expanded in the
context of andVe rationale.:*,

National Security Consequences: In hostile,enVironments, metal
surfaces oxidize,, corrode becaUse of stress, fail. beciuse of fatigue,
exhibit effects frcm laser radiation and interfacial phenomena, and
are subjected t< Oction and ;wear. CeramicCMaterials are used in
extremelY'hostile envirohMents'ih turbine enginesocket nomiles,
and electromagnetic windows of high velocity aircraft and missiles.
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MATERIALS

Thrust Area:' Structural Composites

.Laboiatory'Needs

Building Requigaienti Total Facility.
Facilities:. (gross ft') Cost ($ thousands)

-- Priority 1 -=
New construction 50,000 15,000

Renovation/expansion 60,060 8,000

..z. Priority 2 --
New construction

RenovationJexpsnsion V0
'1Subtotal: 190,000

,9. 10000

Equipment:. iapbe dePbsitidn'epitaxy reactors; filament winders;
squeeze casting presses; injection molding presser; textile forming looms;
thermoforming presses; setyo-hydraulic forming equipment; powder
processing and.liber-groWth'equi0Ment;j0ecial,equipment.for ceramics
processing; high temperature/high pressure aUtoclaves;.0eoceas control
computers; diagnostic and modeling computers and graphics.

Priority Cost ($ thousands)
1 20,000
2 20 000

Subtotal: 116,000

Total Cost: $73,000,000

Technical Objectives and Opportunities:

=-'Priority 1 r-
Establish-fodriajoe-hniveesitY Centers of excellence in the fabrication of
fiber and'mateix'llmteeiali, emphisizing pelymee'rhatrix and ceranic matrix
materials. Cipabifities'should ineiude fabrication and layup of small
samples-anediagnastia caterials'for the analysis of thermophysical and
thermaMechaniCal properties.

-

-4 Priority 2
Supplement the above with three to four additional universitycenters
with sirilar missions. ''

National Security Consequences: Lightweight and high strength composite
materials are increasingly being used in aircraft and spacecraft. These
materials combine the high,strength of ceranic fibers with the ductility of
polymeric or metallic matrices. Significapt, performance advantages have
already been obtained thraigh the use of composite materials, including
ceramic matrix cOMpositeS, Wnd further performance advantages are foreseen,
particularly', with regard to high temperature capability, laser hardness,
armor, and; loci observables.



Thrust Area: Astrophysics

Laboratory Needs

Facilities:
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PHYSICS

Building Requigements
(gross ft c)

-- Priority 1 --
N/A

-- Priority 2 --

Total Facility

Cost (S thousands)

New construction 68,000 11,550

Renovation/expansion 35,000 5,100
Subtotal: 103,000 1370

Equipment: Radio, optical, and x-ray astronomy equipment; upgrade of
100 inch aperture telescope for active optics and interferometric imaging;
high angular resolution imager with one milliarcsecond resolution and
optical elements of 7 1/2 meters; 4-meter telescope for o9tical/infrared
Imaging and spectroscopy.

Priority Cost ($ thousands)
1

2
121.9.12t

Subtotal: 1521065

Total Cost: $168,715,000
Includes $150,000,000 for hip angular resolution imager.

Technical Objectives and Opportunities:

-- Priority 1 --
WA

-- Priority 2 --
Expand laboratory capabilities in radio, optical, and x-ray astronomy to
study final stages of evolution of stars, formation of neutron stars and
black holes, the occurrence of supernova, and to elucidate recently
observed non-thermal radio sources.

- Extend existing capabilities In active optics, speckle imaging techniques,
and advanced detector programs to existing telescope to produce
diffraction-limited imaging of astrophysical sources.

- Establish high angular resolution imager center which exploits advances in
optics, sensors, and computer technology to afford a hundred-fold increase
in image sharpness on celestial objects (qua.sr nuclei, stellar, and solar
system object surface features) and space vehicles.

- Develop new optical and infrared telescope /instrumentation for

astrophysics applications enbodying improved precision pointing and
tracking, image quality optimization, advances in optical and infrared
technology, high spepd two-dimensional photon detectors, etc.

443



National Security Consequences: Advances in astrophysics-related
imaging techniques have important applications for the detection and
identification of space and non-space objects of military significance. In

particular, the technological developient of ac.ive optics in combination
with speckle imaging will make possible diffraction limited observations of
objects through the atmosphere. The enhancement of x-ray instrumentation
capabilities-has application to the detection of nuclear events in space.
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PHYSICS

Thrust Area: Coherent Radiation Sources

Laboratory Heeds

Building
Facilities: (gross et)

--rriority.1
New construction

Rencvation/expansion 17,000
-- Priority 2

New construction

Total Facility
Cost ($ thousands)

2,500

Renovation/expansion 4,000
Subtotal: 17,000 6,500

Equipment: TUnable two-bean two-stage free electron lasers;
millimeter range free electron laser; mode-locked laser and support
ewiplent; spectrographs for optical emission spectroscopy;
electronic processing equipment (lithographic, deposition,
etching); auxiliary interface and support equipment.

priority Cost ($ thousands)
1 1,500
2 6,250

Subtotal: 7,750

Total Cost: $14,250,000

Technical Objectives and Opportuities:

-- Priority 1 --
Laser facilities are key assets for a variety of materials and directed
energy related research. The cited expenditures would substantially
enhance the capability of universities to explore and expand technology
horizons in electronic materials, cealysis, corrosion, and molecular
biology, among others. Emphasis is, n more broadly tunable lasers, which
generate coherent radiation, over a hale range of energies. This greatly
enhances the flexibility available to researchers for analyzing material

properties, particular aurfaces, and, interfaces of importance to solid
state electronics and optoelectronics.

-- Priority 2
Laser - guided plasma and electron bean facility upgrades will allow the
university community to explore more efficiently and comprehensively
heretofore unknewn aspects of directed energy propagation concepts.

National Security Consecuences: Coherent radiation research is critical
to a variety of DOD R&D ;ITRilahs including the design of directed energy
weapons, propagation (e.g., "channeling") of charged particle beans,
improvement of high power radar technology and electronic countermeasures,
advances in ultra-small electronic devices, optical storage and switching
aspects of ultra-fest optical computers, etc. High average moderate power
tunable laser:: are expected to have important implications for tactical
applications related to electronic warfare.

445



440

PHYS:

Thrust Area: Directed Energy Devices

Laboratory Needs

Building Requigements
Facilities: (gross ft')

-- .Priority i
Rea construction --

Renovation/expansion 63,000
-- Priority 2 --

Hew- construction

Renovation/expansion
Subtotal:

20 000

-8:t0-00

Total Facility

Cost ($ thousands)

13,250

4 000
It.2317)

ui ent: Hardware to enlarge accelerator power supplies and capacitor
a ; vacuum tube fabrication equipment; large electric discharge

chanbers; pulsed power generator; high-power glass laser; dedicated data
acquisition and analysis computer facilities.

Priority Cost (t thousands)
1 6,250
2 4,000

-Subtotal: 10,250

Total Cost: $27,500,000

Technical Objectives and Opportunities:

-- Priority 1

Upgrade stellation accelerator facility as a testbed for high current,
high energy accelerators, including screen room and associated diagnostic
instrumentation. Facility would generate data of use in the development of
compact, high performance accelerators In the non-linear bean interaction
regime.

- Establish center for r'search omthermionic sources of millimeter wave
radiation at megawatt paver levels. The facility would provide under-
standing electron-electromagnetic field interactions leadin, to the
development of Rf sources in a regime extending to 30 THZ.

- Develop high repetition rate, high average power pulsed power
facilities to support studies in plasma beam propagation,
microwave power generation, and the interaction of electromagnetic
radiation with materials.

-- Priority 2 -
- Expand center for research on switches and power conditioners for
extrmnely high.voltages and high currents. Research in this area
is heavily dependent on the existence of specialized facilities.
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National-Secarity Consequences: Compact high current, high energy
accelerators are key components in charged and neutral particle beam weapons
concepts. Thermionic radiation sources arc essential components of and/or
have implications for fusion power sources, directed energy weapons, and
spacecraft vulnerability questions associated with ion clouds in space.
High voltage and high current switches, regulators, and storage devices are
required to operate directed energy weapons. The development of repetitive
and'reliable opening switches would remove significant impediments to the
practical implementation of all directed energy devices.



PHYSICS

Thrust Area: Optical Communications and Spectroscopy

Laboratory Needs

Facilities:

New Construction

Building Requigements Total Facility
(gross ft ) Cost (S thousands)

-- Priority 1 --
N/A

-- Priority 2 --
8,000 1,000

Renovation/expansion
Subtotal: 8,000 1,000

Equipment: Lasers (stable argon ion, ring, picosecond CO,,
femtosecond dye and YAG, mode-locked glass); transient digitizers;
computational and digital signal processing capabilities; scanning
electron microscope; optical components with special coatings.

Priority

2
Subtotal:

Cost ($ thousands)

1,550
950

2,500

Total Cost: $3,500,000

Technical Objectives and Opportunities:

-- Priority 1
Laboratory upgrade would facilitate research leading to a better under-
standing of the fundamental processes and interactions in semiconductors
and microstructures necessary for the development of ultra-fast
semiconductor electronic devices.

-- Priority 2 --
- Laboratory improvement would permit detection of weak signals which
arise in many photon statistic experiments. For example, the creation of
photon pairs through non-linear processes followed by subsequent
simultaneous detection (i.e. correlation experiments) generally produces
weak signals. Such phenomena could greatly expand communication
signal detection capabilities.

- A Center for Optical Circuitry would be established for optical
computing. It offers the possibility of great advances in computing
speed, capacity, and degree of parallelism over electronic computing.
Dramatic new computer architectures are possible, e.g., three-
dimensional logic and storage.

National Security Consequences: A wide variety of defense-related
technology improvements are based on progress in the development of
extremely fast and compact electron devices for digital and analog appli-
cations. These include smart weapons and surveillance systems. In
addition, secure optical communications have important applications to
C3.
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CHAPTER V

DISCUSSION AND RECOMMENDATIONS

A. DISCUSSION

The laboratory needs cited in Chapter IV relate to, universities

already heavily involves in conducting research for DOD. They represent a
small subset of the 157 colleges and universities addressed in Tables III-
4 and 5, and an even smaller segment of all research universities included
in Tables 111-2 and 3. The AAU study summarized in Table III-1 equates

with this work most readily in terms of the number of institutions covered.

Summary comparisons follow between the prior laboratory assessments

cited in Chapter III and the present work given in Chapter IV. It should

be emphasized that these comparisons involve the DOD- specific laboratory
needs developed in this report as opposed to more general needs addressed

in prior studies. Nonetheless, they suggest that the cumulative expendi-

tures discussed in Chapter IV are of reasonable magnitude in the context
of general university laboratory needs identified in other studies.

o The AAU data shown in Table III-1 relate to 15 universities, a
figure roughly equivalent to the average number of institutions
encompassed by defense-related laboratory needs for each of the

disciplines cited in Table IV-1. This probably accounts for the

fact that, for some disciplines, defense-related totals
substantially exceed the AAU report figures. Interpretations of

these comparisons most be tempered by the fact that the
discipline-specific university populations encompassed within the
present study differ markedly from the AAU sample population. A

Comparison of Tables III-1 and IV-1 indicates that the defense-
related facilities needs cited in this report constitute 43
percent of the AAU Chemical Sciences projections for the period
1982-84, over 100 percent for Engineering (encompassing the
Electronics, Engineering, and Materials categories of Table IV-
1), and 55 percent for Physics. For projected equipment needs,

those of this study exceed the AAU figures by factors of roughly
three and.six for Chemical Sciences and Engineering. The

numbers are comparable for Physics, excluding the astrophysics

high resolution imager cited in the present study.

o According to NSF staff, an estimated50 percent to 70 percent of
the $221 million cited in :able III-2 for 1983 university capital
expenditures (research and instructional) was devoted to research
laboratory facilities. -laming, for purposes of comparison, a
60 percent figure, 1983 research laboratory expenditures for all
universities in the engineering and physical science disciplines
total $133 million. To obtain a roughly comparable figure, one

can annualize the $275 million of defense-related engineering and
physical sciences facilities needs (Table IV-1) over a five-year
period. This yields an annual expenditure rate of $55 million.
It represents slightly more than 40 percent of the estimated $133

million spent by all universities.
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o Research equipment expenditures for all U.S. colleges and
universities are summarized in Table 111-3 for Engineering,
Chemistry, and Physics and Astronomy. Engineering expenditures
average approximately $70 million for the tun-year period. The
NSF Engineering category compares roughly to the combined
Engineering, Electronics, and Materials categories of this
report, where priority 1 and 2 equipment needs shown in Table
IV-1 total almost $200 million. If the $200 million is
annualized over a five-year period, approximately t40 million in
FY 85 dollars would be spent for defense-related equipment
annually. This represents over 55 percent of the average 1982-83
engineering annual equipment expenditures for all higher
education institutions. Similar analyses for physics and
chemistry suggest that needs in these areas cited in Table IV-1
pro-rated over five years are approximately $35 million and $9.5
million, respectively. The projected annual physics expenditure
is roughly-equal to the NSF'1982 -83 average for all universities,
largely due to a $150 million high resolution imager for
astrophysics. Similarly, the projected chemistry annual
expenditures are 30 percent of the average for all U.S.
universities for the tun-year period.

o Column two of Table 111-4 lists 1982 rese,7ch equipment
expenditures for the top 157 research universities. As in Table
111-3, the NSF Engineering category compares roughly to the
combined Engineering, Electronics, and Materials categories of
this report, whose equipment needs total approximately $200
million. Assuming again that expeditures for defense-related
laboratory equipment needs would be spread over a five-year
period, approximately $40 million in FY 85 dollars would be
spent for this purpose annually. This represents roughly 45
percent of the 1982 expenditures for the 157 universities.
Similarly, the five year annual expenditure level for physics
from Table IV-1 is over 60 percent of the 1982 equipment pun:hase
level, largely due-to the inclusion of the aforementioned A150
million high resolution imager for astrophysics applications.
The five-year expenditure level implied for chemistry in Table IV-
1 is *9.5 million, or approximately-25 percent of the stated 1982
expenditures by the 157 universities.

o The replacement value of "academic research instrument systems in
active research use" for the aforementioned 157 universities is
given in Table /11-9 in terms of 1982 dollars (Column 4). With
an inflation factor of 1.076 applied to the 1982 costs, Table V-1
gives priority 1 and 2 (total) defense-related equipment needs
from Table IV-1 expressed as percentages of Table 111-5
replacement values. As before, the NSF Engineering category
encompasses the Electronics, Engineering, and Materials
categories of this report. For the Engineering and Physics teld
Astronomy categories, stated defense- related needs are quite
substantial in comparison with the NSF equipment replacement
figures. The Chemistry percentage is substantially lower,
perhaps reflecting a proportionately lesser ADD involvement in
broad aspects of experimental chemistry.
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Table V-I

Defense-related university laboratory equipment needs (Table IV-1) expressed as
percentages of replacement costs for all research equipment at 157 leading
research universities (Table 111-5)

Field of Research % of Replacement Value

Chemistry 15

Engineering 44

Physics and Astronomy 68
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B. RECOMMENDATIONS

A total of 5300 million over a five (5) year period is proposed for
the upgrading of university laboratories.

1. The priority 1 laboratory facilities needs cited in Table IV-1
should be addressed with incremental funding of a five-year 1150 million
initiative. The initiative should be a part of, and administered through,
the existing contract research programs of the OXRs and DARPA. It is
believed that this is the most efficient mechanism for targeting
facilities improvement funds toward the highest DOD research priorities.
This program would be of equal magnitude (i.e. $150 million expended at an
annual rate of 130 million) to the existing University Research
Instrumentation Progras(URIP) pertaining to equipment, but would be
allocated as facilities-earmarked increments to competitive research
awards. It would thus differ from URIP in that it would not require the
establishment of separate rtview and award mechanisms. It should be

stressed that, in the best interests of national security, neither
equipment nor facilities upgrade programs should be funded at the expense
of existing OXR and DARPA competitive research programs. Further erosion
of the latter would jeopardize the scientific basis for futart
technological innovation on which our national security defends.

2. The existing URIP program should be extended by three
years at its present level of $30 million per year. This, combined with
the remaining two years (160 million) of the present program, would
constitute the 1150 million required to address priority 1 equipment needs
(Table IV-1).

3. Priority 2 laboratory needs should be addressed as a
national issue with the involvement of other federal agencies having
an impact on the national science and technology base, i.e. the National
Science Fourlation, NASA, Department of Energy, etc.

4. Very large items of equipment and/or facility needs,
e.g. the $150 million ..strophysics high resolutior. imar cited in this
report, should be addressed on their merits as individual appropriations
rather than as parts of broader, more genera! funding initiatives.
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Study

"Health Related R
Facilities in the U.S. in
Os Nonprofit Nonfederal
Sector"
Study by {hetet Corporation
for Hational'Institute of

Health (NM
11969)

"Higher Education General
Information Survey" (REGIS)
Conducted by the Rational
Center for Educational
Statistics (LACES)

(1974)

"Health ssssss ch Facilities:
A Survey of Doctorate- Granting
Institutions." Conducted by

Ameri.:an Council on Education
(ACE) u!th funding from.National
Science Foundation (NSF) and NIN
(1976)

APPENDIX

STUDIES OF ACADEMIC FACILITIES*

Description of Study

Survey study to gather data on the amount,
age and ownership of space in 1968, the
amount of apace under or scheduled for
construction and the estimated space needed
to eliminate overcrowding by 1980

Survey of 3,200 colleges and universities
including data to estimate facilities

neees

Survey of 155 Ph.D. granting institutions
to gather data on status of academic Meth

h facilities, new construction in
progress, and plans for expansion in
succeeding five year period

"National Survey of Laboratory Survey of 922 nonprofit NIN eligible

Animal Facilities and Resources" institutions gathering data to

Conducted by National Academy estimate facilities needs

of Sciences (HAS) (N1N Publication
No. 80-2091)
(1970)

*Source: Linda S. Wilson, "The Capital Facilities Dilemma:
Implications for Graduate Education and Research",
to be included in forthcoming Brookings Institution st"dy,
Bruce L. R. Smith, editor, The-State of Graduate Education,
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Findings

10 12. of 42 m. sq. ft. in

unsatisfactory condition
-over 501 available space in
poor condition
-additional 55 m. square feet
of space needed by 1980,
with 17 m. square feet requiring
remodeling

-20% of facilities at surveyed
institutions in need of replace-
ment (2.3 billion square feet)
-$2. billion needed just for
remodeling of facilities

-29% of academic facilities for
health h in need of reno-

vation or replacement
(23 million square feet)
-cost estimates to meet needs:

$547 million for 1975;
$560 million for each of
succeeding five years

-16% institutions reported need
for replacement of facilities
-38% reported need for
remodeling of facilities

-477. reported need for
additional space

1985.



Report of Research Facilities
!ranch of National Cancer
Institute on survey of facilities
needs in cancer research
Conducted at request of National
Cancer Advisory bard
(1979)

"A Program for Renewed
Partnership"
Prepared by the Sloan
Commission on Nigher
Education
(1980)

"The Nation's Deteriorating
Research Facilities s A Survey
of Recent Expenditure* and
Project Needs in 'titian
Universities"
Conducted by the Association

of American Universities (AAU)
(1981)

STUDIES OF ACADEMIC FACILITIES

Description of Study

Survey of 106 institutions receiving
National Cancer Institute Support
gathering data to evaluate current and
future needs for upgrading of cancer
research facilitims

Commission report on federal
government /university relations
(No data collected)

Survey of 15 leading universities
gathering data on expenditures for
research facilities and major equipment
and estimates of funding needs for
succeeding three year period for faculty
research only

. 454

Findines,

Funding need of $149 million
for the period 1980-1985
estimated for cancer research
facilities

-Recommendations for competitive
prderem for facilities
granter $50 million annually for
five years, to be *limited by
NSF and NIH, to upgrade research
laboratories and equipment.

-From 1972-1982, surveyed insti-
tutions spent $400 million for

facilities construction, repair,
and renovation

-$765 million needed for facil-
ities and equipment over

succeeding three year period
Just to sustain faculty rch
activities

Dia
Dia
00



Study

Report on academic facilities
survey (in 1980-81 Comparative
Cost' nd Staffing Report)
Conducted by-Association of
Physical Plant Adsinistrators
(APPA)

(1981)-

't ) I

STUDIES 0? ACADEMIC FACILITIES

Description of Study

Survey of 226 institutions with
454 million square feet of graduate
space to gather data on facilities
conditions and projected needs

"Strengthening the Government- Committee report on federal governeent/
University Partnership in Science" university relations
Conducted by Ad Hoc Committee of (no date gathered)
HAS, National Acadsey of Engineering
and Institute of Medicine
(1983)

"Adequacy of Acadenic Research
Facilities"
Conducted by Ad Hoc Interagency
Steering Committee on Academic
Research Facilities

(April, 1984) National Science
Foundation

Pilot study ef'25 major raseal:t insti-
tutions with major study planned to gather
data for detailed analysis of the condition
of facilities used for science and esgimeering
and medical research. Major study to estimate
future needs for construction, reewdclisle
and refurbishment of academic research
facilities
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Findings

-$1.85-$2.00/square foot re-
quired to eliminate most press-
ing needs

-deferred maintenance need, per
institution of $9.5 million at
universities
$1.1 million at four year col:-
lege;

3.4 million at two year collegus

- Critical, growing need for
replacement of academic science
facilities and equipment
- racomeends comprehensive pro-
gram for facilities construction
and development, acquisition,
maintenance end operation of
medirn equipment

-Over succeeding 5 year period
all colleges and univorsitiee
would require about $1.3 billion
per year for research facilities
alone.

(Motet Present level of capital
facilities expendL for ace..
dtmic research, development and
instruction is $1 billion per
year.)
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Study

Report of Department of
Defense (DOD) Working Croup
on Engineeiing and Science
Education: Prepared by DOD
University Foru:
(1983)

.!`Report on411111 Experience

with Extrasural Construction
Authority"
Prepared by Office of Program
Planning nrct Evaluation, MIN
(1983)

"University Research Facilities:
Report on a Survey Among National
Science Foundation Grantees"
Conducted by Division of Policy
R h and Analysis, NSF, for
Infrastructure Task Croup of
NationalScience Board (NSB)
(June, 1984)

STUDIES OP ACADEMIC FACILITIES

Description of Study

Working group report on condition
and 'diode of academic science and
engineering

Historical comparison orlegillative
authorities for construction of health

h facilities analys1ng past
facilities funding experiences

Survey of 1983 NSF grant Principal
Investigators (248 investigators
randomly sampled) to determine condition
of existing facilities and the impact
of facilities on research

!inclines

Deficiencies in research facil
ities and equipment acute in
most universities

-Funding authorities :minty for
special, not general, use
-Almost all funds rade available
under grant mechanisms
Recent authorities fail to
aeparite funds for construction
and ti

None of funding authorities
based on systematic artlysis of
need

-70% facilities had been reno
vated in last 10 years using 7%
Federal $

10% facilities slated for rano
vation.in next three,yeare
80% of P.1:4 rated islet, of
facilities as excellenz
-60% reported havinulost scum
research time input year due
to facilitiesrelated fallures$
40% reported graduate students
had spent 3 or more e",ys fixing
problems d by facilities
over .est year



STUDIES OF ACADEMIC FACILITIES

Study Description of Study Findings

Proposed study of cancer Proposed survey study to gather In progress
research facilities data to inventory the quality and
Conducted by President's quantity of current research facilities
Cancer Panel end the in cancer research
National Cancer Institute
(Proosed)

Facilities Needs in Chemical Survey to ascertain specific facilities data In progressScience and Engineering for research and teaching in chemistry, bio
Conducted under aegis of the chemistry, and chemical engineering academic
Board on Chemical Science and departments
Technology, National Rescarch
Council
(In progress)
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consultants, and staff. Robert Bock, David Litster, and 5ulie
Norris drafted material on the universities' role in the acquisition
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and management of research equipment. Milton Goldberg pr
pared the analysis of federal regulatory issues. Michael Goldstein
of Dow, Lohnes, and Albertson drafted material on the state role
in acquiring and managing research equipment. The chapters on
debt financing and private support of academic research equip-
ment are based on a background paper prepared for the Steering
Committee by Coopers ec Lybrand.

As our work progressed, members of the Steering Committee
critically reviewed drafts of the report chapters, all of which
were then discussed at committee meetings. We also benefited
from the.thoughtful reviews and subscaroive contributions to the
report by Robert Clodius and John

Gwendolyn McCutcheon provided expel t administrative and
secretarial assistance throughout the study. She handled all
administrative details, helped arrange meetings, and was centrally
involved in preparing the Manuscript for production. Joyce
Madancy helped with many research tasks. The fine editorial
work of Kenneth Reese was invaluable in the final stages of
report preparation.

Richard A. Zdanis, Chairman
Steering Committee

Patricia Warren, Project Manager
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Summary and Recommendations

Contemporary science and technology are inconceivable with-
out the array of instruments and other research equipment avail-
able today. Recent years, however, have seen steady erosion of
our universities' ability to acquire and maintain equipment that
qualifies as state of the artthe best generally available. With-
out this new equipment, advances in many scientific disciplines
cannot occur._ The situation has reached the point where it
threatens the strength of the nation's research enterprise and the
quality of education of new scientists and engineers.

The project summarized here was designed to seek ways to
ensure that the funds available for scientific equipment in univer-
sities are used at maximum efficiency. We examined federal and
state regulations and practices, management practices in univer-
sities, and sources and mechanisms of funding. We reached the
following broad conclusions:

Many actions can be taken that clearly would enhance
efficiency in the acquisition, management, and use of research
equipment by universities, they are specified In our recom-
pendatiOns. 11m overall problem is so large, however, that it
'Rnnot be properly addressed without substantial, sustained
investment by all sourcesfederal and state governments,
universities, and the private sector.

SOURCE OF THE PROBLEM

The situation has been documented in a succession of studies
dating from the early 1970s. The most recent and most compre-
hensive study is the National Science Foundation's National
Survey of Academic Research Instruments, covering the years
1982-1983. Newly published results of the survey show in part
that:
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Of the university department heads surveyed, 72 percent
reported that lack of equipment was preventing critical
experiments.

Universities' inventories of scientific equipment showed
that 20 percent was obsolete and no longer used in research.

Of all instrument systems in use in research, 22 percent
were more than 10 years old.

Only 52 percent of instruments in use were reported to be in
excellent working condition.

Of university department heads surveyed, 49 percent rated
the quality of instrument-support services (machine shop,
electronics shop, etc.) as insufficient or nonexistent.

Contributory Trends

Such difficulties stem from several interrelated trends. As
scientific instruments have grown steadily more powerful and
productive, their initial costs have significantly outpaced the
general rate of inflation. One industrial laboratory, for example,
found that the cost of keeping its stock of research equipment at
the state of the art rose 16.4 percent per year during 197i-1981,
while the consumer price index rose 9.9 percent per year. The
growing capabilities of equipment also entail higher costs for
operation and maintenance. The rapid pace of development, more-
over, has shortened the technologically useful life of equipment;
instruments today may be superseded by more advanced models in
five years or less. And for more than 15 years, the funds avail-
able from all sources ha"e failed consistently to reflect the rising
costs and declining usefe lifetimes of academic research
equipment.

Research project grants, the leading source of academic
research equipment, have only slightly outpaced inflation in
recent years. Individual grants averaged about $94,000 at the
National Science Foundation (NSF) in 1985 and $133,000 at the
National Institutes of Health (NIF,1. Such grants can accommo-
date instruments of only modest cost. Benchtop equipment priced
at $50,000 or more is common, however, an,: research in a number
of fields is relying increasingly on equipment that costs from
$100,000 to $1 million.

Trends in funding of scientific equipment in universities have
long been dominated by federal spending, which accounted for 54
percent of the equipment in use in 1982-1983; the universities
themselves are the next,most important source of support and
provided 32 percent of such funding. States directly funded 5
percent of,lhe cost of the equipment in use in 1982-1983, indi-

:
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viduals and nonprofit organizations funded 5 percent, and industry
funded 4 percent. Federal funding of academic research
including the associated equipmentgrew at an average annual
rate of 15.7 percent, in constant dollars, during 1953-1967, but
the rate fell to 1.6 percent during 1968-1983.

Besides its-role in support of research, the government was a
major contributor to the universities' massive capital expansion of
the ,19,50s and 1966s, which included substantial amounts of scien-
tific equipment. Again, however, the rate of federal investment
turned dowliward. The government's annual spending on academic
R&D facilities,and equipment, in constant dollars, fell some 78
percent during 1966-1983.

RESPONSES TO THE PROBLEM

Both academic and federal officials responded to essentially
level fundingly supporting people over investment in capital
equipment. The fraction of research-project support allocated to
permanent.university equipment by. the National Institutes of
Health declined from 11.7 percent in 1966 to an estimated 3.1
percent in 1985. At the Ne;ional Science Foundation the fraction
fell from 11.2 percent in 1966 to an average of 7.1 percent during
1969-1976. The federal mission agencies' support for research
c-quipment declined similarly, Although exact data are not
available. -

Efforts to ease the universities' serious difficulties c-vith scien-
tific equipment began to appear in the early 1980s. NSF increased
its investment in academicequipment from 11 percent of its uni-
versity R&D budget in ,1978 to an estimated 17.5 percent in 1985.
The Department of Defel1 ze. launched a special five-year univer-
sity inatrumentAtion program, t.)taling $150 million, which is
projected to run through 1987. The Department of Energy began
a special $30 million,program scheduled to end in 1988. The fed-
eral and state governments adopted tax incentives designed to
encourage contributions of equipment by its manufacturers. State

overnments began to, increase their funding of equipment for
4.. ate colleges, and universities and ha,e initiated a range of devel-
opment activities designed in part tc -ttract industrial support for
R&D in their universities.

The expanded federal investments were the result, in part, of
the effort of the Interagency Working Group on Universit,
Research :nstrurnentation, which was organized in mid-1981 to
focus high-level agency attention on the university instrumen-
tation problem. Its inembers were senior officials drawn from
each of the six major agencies suppoiting research in universities- -
the National Science Foundation, the National Institutes of
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Health, the National'Aeronautics and Space Administration, and
the Departments of Agriculture, Defense, and Energy.

BACKGROUND OF THE STUDY

Although these initiatives are welcome, they clearly are not
sufficient. Offidals in academe and government agree that the
equipMent problem is critical and steadily growing and that ways
to use existing' resources more efficiently must be explored. In
JUly 1982 at the request of the Interagency Working Group, the
Association of American Universities, the National Association of
State Universities and Land-Grant Colleges, ar the Council on
Governmental Relations convened an ad hoc planning committee
to consider whether a special effort was needed to address the
following questions:

Could changes be made in federal or state laws, regula-
tions, or policies that would enhance the efficiency of acquisition,
management, and use of academic research equipment?

What more can universities do to improve the way they
acquire, manage, and use research equipment?

Does debt financing hold significant untapped potential for
universities as a means of acquiring new research equipment?

Can present tax incentives for the donation of research
equipment to universities be revised to increase support from
industry?

Are there alternative methods of direct federal funding of
research equipment that would yield-a better return on the
federal investment?

The resulting analysis was carried out jointly by the three
associations with funding from the six federal agencies and the
Research Corporation. Substantive direction for the study was
provieed by a seven-member Steering Committee chaired by
Richard Zdanis, Vice Provost of Johns Hopkins University. Much
of the field research was done by a three-member team: Robert
Bock, Dean of the Graduate School at the University of Wisconsin;
David Litster, Director of the Center for Materials Science and
Engineering at MIT; and Julie Norris, Assistant Provost of the
University of Houston. This team visited 23 universities and
governmental and industrial laboratories; they met with more
than 500 faculty investigators, department chairmen, research
and service center directors, deans and chief administrators, or
the functional equivalents in government and industry. (A list of
the places visited is appended to this summary.) The team and
the firm of Coopers & Lybrand each produced background reports
for the projecti,

40
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RECOMMENDATIONS

The actions recommended below, as we stated at the outset,
would clearly enhance efficiency in tne acquisition, management,
and use of acaderssic research equipment. We would like to empha-
size, however, that even if all these recommendations are acted
upon, the universities' equipment needs are so large that they
cannot be met without substantial increases in funding. Modern-
ization, moreover, cannot be a one-time effort.- Continuing
investment will be required based on.the recognition that labora-
tories in many fields of science have to be reequipped at intervals
of five years or less. The universities, the states, and industry
must share with the federal government the responsiLlity for
modernization and long-term maintenance of the quality of scien-
tific equipment at the nation's universities.

The recommendations that follow appear in the topical order
employed in the full report: the feder .1 government, the states,
the universities, debt financing by universities, and private sup-
port for equipment.

The Federal Government

The federal government has been the major funder of research
,equipment in universities during the past four decades. Current
federal funding mechanisms, however, do not comprise adequate
means of regularly replacing obsolete or worn-out equipment with
state-of-the-art equipment. Regulatory and procedural difficu !
ties complicate the problem,.

We recommend...

I. That the heads of federal agencies supporting university
research issue policy statements aimed at removing barriers to
the efficient acquisition, management, and use of academic
research equipment. Few federal regulations, as written, con-
tribute directly to the equipment problem. Inconsistent interpre-
tation of regulations by federal officials, however, complicates
the ix :rchase, management,. and replacement of research equip-
ment and leads to unnecessarily conservative management
practices at universities. Desirable actions are summarized in the
recommendations below.

2. That federal agencies more adequately recognize and
provide for the full costs of equipment, including operation and
maintenance, space renovation, service contracts, and technical
support by...
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...providing these costs in project grants and contracts or
ensuring that recipients have provided them.

...accepting-universities' payment of costs such as installation,
operation, and maintenance as matching funds on programs that
require matching contributions,by universities.

3. That federal agencies adopt procedures that facilitate
spreading the cost of more expensive equipment charged directly
to research-project awards over several award-years and allow
the cost and use of equipment to be shared across award and
agencylines. Individual research-project grants and contracts
normally can accommodate equipment of only modest cost.
Investigators, moreover, have difficulty combining funds from
awards from thesame or different agen ies to-buy equipment.

4. That-federal auditors permit universities to recover the full
cost of nonfederally funded equipment from federal awards when
they convert from use allowance to depreciation. Office of
Management, and Budget (OMB) Circular A-21 permits such
conversion as well as recovery of full cost. Aud;..ors of the
Department of Health and Human Services, however, permit
recovery only as if the equipment were being depreciated during
the time it was in fact covered by the use allowance. This prac-
tice, in effect, denies recovery of full cost.

5. That the Office of Management and Budget make interest
on equipment funds borrowed externally by universities unequivo-
cally an allowable cost by removing from OMB Circular A-21 the
requirement that agencies must approve such charges. Interest on
externally borrowed funds has been 1 permissible cost since 1982
at the discretion of the funding agency, but agencies have shown
significant reluctance to permit it. The perception of inability to
recwer interest costs rn,...y lead university officials tc,decide
against seeking debt financing for equipment.

6. That all federal agencies vest title to research equipment
in universities uniformly upon acquisition, whether under grants or
contracts. Feder al regulations on title to eqUipment vary among
agencies, and such variability inhibits efficient acquisition, man-
agement, and use of equipment. Without assurance of title, for
example, investigators hesitate to combine university funds with
federal funds to acquire an instrument not affordable by a single
sponsor.

7. That the Office of Management and Butet make federal
regulations and practices governing management of equipment
less cumbersome by...

...setting at $i 0;00C the minimum level at which universities
must screen their inventories before buying new equipment and,
above that minimum, permitting universities and agencies to
negotiate different screening levels for different circumstances.
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,....raising the capitalization level for research equipment to
$1,000,in OMB Circulars A- 21 .(now at $500) and A-110 (now at
$300) and giving.universities the option of capitalizing at differ-
ent levels..

6. That the Department of Defense eliminate its require-
ment that the,inventory of the Defense Industrial Plant Equip-
ment CenterlDIPEC) be.screened for The availability of special-
ized.sCientificequipment requested bruniversities before new
equipmentit-purchased. The descriptions'of equipment in the
DIPEC inventory-do not permit a federal. property officer to
determine whether a scientific instrument in the inventory is an
adequate substitute for the one requested. Hence, the require-
ment for screening is wasteful for both universities and the
government.

9. That other federal agencies adopt the' NIH and NSF prior
approval r/stems. Purchases of,equipment with federal funds
ordinarily must beapproved in advance by the sponsoring agency.
Purchases,can,be approved by the university, however, under the
NIH Institutional Prior Approval System and the NSF Organiza-
tional,Prior Approval System. Them systems markedly improve
speed and flexibility in acquiring equipment.

The States

State governments act as both funder and regulator in regard
to academic research equipment,,and conflict between these roles
is inherent to g degree in the relationship between the states and
their public universities. Still, we belie%e that in many cases the
states could combine these broad roles more rationally and could
otherwise help to ease the schools' difficulties with research
equipment.

We recommend...

1. That states assess the adequacy of their direct support for
scientific equipment in their public and private universities and
colleges 'relative toSupport from other sources aid the stature of
their schools in the sciences and engineering. The states cannot
diSgla e the federal government as the major funder of academic
research equipment, but judicious increases on a highly-selective
basis could'be extremely beneficial to the scientific stature of
states while simultaneously increasing the effectiveness of funds
available from federal and industrial sources.

2. That states grant their, public universities and colleges
greater flexibility in handling funds. Desirable=provisions would
permit schools to transfer fundsamcmg-budget categories, for
example, and to carry-funds forward .from one fiscal period to the

r 9
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next. Greater flexibility would not only improve the universities'
ability to deal with the problems of research equipment, it would
also be likely to provide direct sav-tgs in purchasing and would
free academic administrators to discharge their responSibilities
more efficiently.

3. That states examine the use of their taxing pOWers to
foster' academic_ research and modernization of research equip-
ment, Tax benefits:available under the federal Internal-Revenue
Code 'are also available i 34 states whose tax codes automati-
cally follow the federal code. Relatively few states, however
haw' adopted tax benefits designed to fit their particular
circumstances.

That states revise their controls or, procurement to
recognize the unusual nature of scientific equipment and its
importance to. the,research capability of Universities. Scientific
equipment often is highly specialized. instruments that have the
sameleneral specifications but are made by-different vendorS,
for example, may Lavesignificantly different capabilities. The
differences, furthermore, may be discernible only byexperts in
the use of the equipment. Desirable revisions in state controls
would exempt research equipment .from purchasing requirements
designed for generic equipment and supplies, such as batteries and
cl,%aning materials; would vest purchasing authority for research
equic; rc.ctnt in individual colleges and universities and would not
apply rules beyond those already mandated by the federal
government.

5. That states consider revising their controls on debt
financing of scientific equipment at public colleges and uni-
versities to permit debt financing Of equipment, not part of
construction projects, recognize the relatively short useful life of
scientific instruments, and relieve the one- and two-year limits oil
the duration of leases.

The Universities

The universities' ability to acquire and manage research
equipment efficiently is affected by their individual circum-
stances, their traditionally decent-alized authority, the individual
project-award syster,n that funds much of the equipment, and
state and.tederal regulations. Within this context, however, we
have Went' _ed a number of management practices that warrant'
more widespread use.

Our findings indicate that universities would benefit from
Strongerefforts to improve their internal communications. More-
over, "ourrecommendations on the whole imply a need for a more
centralized approach than is now the general practice in univer-
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sities' management of research equipment. We note that other
developments, including the universities' growing interest in debt
financing and strategic planning, also point toward more central-
ized management.

We recommend...

1. That universities more systematically plan their allocation
of resources to favc research and equipment in areas that offer
the best opportunities to achieve distinction. Such strategic
planning should involve participation by both administrators and
faculty. The process may well call' for hard decisions, but we
believe that they must be made to,opsimize the use of available
funds.

2. That universities budget realistically for the costs of
operating and maintaining research equipment. These costs
impose serious and pervasive problems, and failure to plan ade-
quately for full costs when buying equipment is widespread as
well. Full costs include not only operation and maintenance, but
space renovation, service contracts, technical support, and the
like,' Maintenance is particularly troublesome. Hourly user
charges are commonly assessed to cover the salaries of support
,personnel and the costs of maintenance, but are difficult to set
optimally,and,are rarely adequate.

3. That investigators and administrators at universities seek
-agency approval to spread the cost of expensive equipment
charged directly to research-project awards over several award
years. As noted in Recommendation 3 under the Federal Govern-
ment, individual research grants and contracts cannot normally
accommodate costly equipment, and this problem would be eased
by spreading costsover several years.

4. That universities act to minimize delays and other prob-
lems tesulting from procurement procedures associated with the
acquisition of research equipment. To be most effective, the
procurement process should be adapted.to the specialized nature
of research equipment, as opposed to more generic products.
Similarly, specialized purchasing entities tir individuals would
facilitate timely acquisition of equipment at optimum cost. Also
beneficial would be formal programs designed to inform purchas-
ing personnel and investigators of the needs and problems of each.

5. That universities consider establishing inventory systems
'chat facilitate sharing. One such system is the basis of the
i'esearch'eqUipMent assistance program (REAP) at Iowa State
University. The REAP inventory includes only research equip-
ment. REAP may-not be cost effective for all universities, but
most should,find elements of.ituseful:

,6. That universities use depreciation,rather than a use allow-
ance to generate funds for replacing equipment, providing that

5
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they can negotiate realistic depreciation schedules and dedicate
the funds recovered to equipment. Universities can use either
Method, but rates of depreciation are potentially higher--and so
recover costs more rapidlythan the use allowance (6 2/3 percent
per year) because they can be base( on the useful life of the
equipment. Both methods, howeve -, add to indirect costs, and
neither:can be used for equipment purchased with federal funds.

7. That universities seek better ways to facilitate the trans-.
fetotresearch equipment from investigators or laboratories that
no longer need it to those that could use it Faculty at most
schools have no incentive to transfer equipment, excepting the
need for space, and every incentive to keep it in case it might he
needed again. Some systematic mechanism for keeping faculty
well informed of needs and availability of equipment would be
useful.

Debt Financing of Research Equipment

Universities trar'ionally have used tax-exempt debt financing
to pay for major fe ties and lately have been using the method
to some extent to -! _esearch equipment. A number of financing
methods can be adaptedlo the special characteristics of such
equipments, but whatever the method, such financing competes
with other university needs for debt. Debt financing imposes risk
on the university as a whole, and so intones a shift from decen-
tralized toward centralized authority.

We recommend...

1. That universities explore greater use of debt financing as a
means of acquiring research equipment, but with careful regard
for the long-term consequences. Universities vary widely in their
use of debt financing, but a universal concern is the need for a
reliable stream -^_f income to make the debt payments. It should
also be recognized that the nece ary commitment of institutional
resources, regardless of the purpcie of the debt financing, erodes
the univel sity's control of its future, in part by reducing the flexi-
bility to pursue promising new opportunities as they arise. Debt
financing also increases the overall cost of research equipment to
both universities and sponsors of research.

2. That universities that have not done so develop expertise
on leasing and debt financing of equipment. This expertise should
include the ability to determine and communicate the true costs
of debt financing and should be readily accessible to research
administrators and principal investigators. The increasing
complexity of tax-exempt debt financing, the many participants,

.-1A; F7g
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the necessary legal opinions, and the various political and/or
corporate entities associated with debt financing make it
essential that universities fully understand the marketplace.

Private Support

Theffects of the Economic Recovery Tax Act (ERTA) of
1981 on corporate spending on R&D and corporate contributions
of research equipment to,universities are not clear, for several
reasons: the act has been in effect only since August 191,1, its
effects are entangled with other economic variables in a complex
manner, and the uncertain future of the R&D tax credit, which is
scheduled to expire.at the end of 1985, may havskewed corpo-
rate response to it (the equipment donation provision is perma-
nent). Nevertheless, the consensus appears to be that ERTA,
suitably modified, should indeed spur technology, in part by
fostering support for academic research and scientific equip-
ment. We agree with this view.

We recommend...

I. That industry take greater advantage of the tax benefits
provided by the Economic Recovery Tax.Act (ERTA) of 1981 for
companies that donate research equipment to universities and
fund academic research. Universities' experiences with industry
indicate that company officials may not be fully aware of the
benefits available, although company tax specialist: generally are
well informed.

2. That universities seek donations of research equipment
more aggressively by developing strategies that rely in part on the
tax benefits available to donors. Sound strategies would stress
both federal and state tax benefits as well as other important
benefits to both donor and recipient.

3. That Congress modify ERTA.so that...
...equipment qualified for the charitable donation deduction

ir...:Iude computer software, equipment maintenance contracts and
spare parts, equipment in which 't cost of parts not made by the
donor exceeds 50 percent of the donor's costs in the equipment,
and used equipment that is less than three years old. Computers
are properly viewed as computing systems, which are incomplete
without software. Maintenance of scientific equipment is costly
to the point where universities have declined donations of equip-
ment because they could not afford to maintain it. Makers of
sophisticated equipment rely primarily on their technological
knowledge, not their ability to make parts. Thus the limi, on
parts from outside Jppliers is unrealistic, provided that the
manufacturer is in fact in the business of developing and ,caking
scientific equipment.
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...the provisions on the Rai) tax credit are made permanent,
with revision to create an additional incentive for companies to
support basic research in universities. Equipment acquired under
research contracts qualifies for the credit, but ERTA currently
provides the same incentive for companies to contract for re-
search in academe as for research by other qualified organizations.

...the sock.' and behavioral sciences are made qualified fields
of academic .research in terms of the equipment donation deduc-
tion and the R&D tax credit. The social and behavioral sciences
contribute to the-application and utilization of science and tech-
nology, and they rely increasingly on research instrumentation.

...qualified recipients of equipment donations and R&D
funding, in terms of ERTA tax credits, include research
foundations that are affiliated with universities but remain
separate entities. Some state universities have established such
foundations to receive and dispose of donated equipment because
they cannot dispose of it themselves without legislative consent.

These actions, we are convinced, would yield material benefits
in the acquisition and management of research equipment by uni-
versities. The rationale for them here is necessarily brief. Much
fuller background will be found in the five chapters of the full
report, where these recommendations also appear.
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Site Visits

UNIVERSITIES

Public? Colorado State University
Georgia Inkitute of Technology
Iowa State University
North Carolina State University
Texas AdcM University
University of Illinois, Urbana
University of Minnesota
University of New Mexico
University of North Carolina, Chapel Hill
University cf Texas, Austin
University of Virginia

Private : Carnegie-Mellon University
Columbia University
Duke University
Harvard University
Massachusetts Institute of Technology
Princeton University
Rice University
Stanford University
University of Chicago
University of Delaware
University of Pennsylvania
Washington University, St. Louis

CORPORATE LABS

Beckman Instruments, Inc. Microelectronics Center
Dupont of North Carolina
Hewlett-Packard Syntex Research
Honeywell

GOVERNMENT LABS

Los Alamos National Laboratory Stanford Synchrotron
Sandia National Laboratories Radiation Laboratory

STATE AGENCIES

North Carolina Board of Science and Technology

479



474

1
Academic Research Equipment:

The Federal Role

BACKGROUND AND TRENDS

The federal government has been The major funder of research
and development and the associated equipment in U.S. universities
during the four decades following World War II. The government
has always recognized the utility of science and technology, bit,
except for agricul_ Tal research, funded relatively little research
in universities before 1940.1 The massive postwar commitment
sprang from the success of science in the war effort and its cons,-
quent promise for the well-being of the nation in peacetime.
Federal funding of academic research drew further impetus from
the launching of Sputnik 1, the first earth-orbiting satellite, by
the Soviet Union in October 1957. The federal commitment is by
now well established, although the rate of increase of funding
declined sharply after the late 1960s.

The government supports the acquisition and operation of
research equipment in universities in a number of ways. These
support mechanisms are implemented by federal regulations and
agency guidelines designed to ensure accountability for the public
funds expended and proper use of equipment. The regulations are
administered by the sponsoring agencies and the universities. The
universities' compliance with the regulations is monitored by the
Audit Agency of the Department of Health and Human Services,
which handles about 95 percent of all colleges and universities,
and the Defense Contract Audit Agency in the Department of
Defense. The regulatory structure in some measure inhibits the
universities' freedom of action, but the importance of federal
funds to research and graduate education causes both partners to
search for accommodations.
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Funding Trends

Federal funding of academic research and development is the
best available indicator of trends in federal funding of academic
research equipment (trend data specific to equipment do not
exist). In constant 1972 dollars, federal funding grew at an aver-
age annual rate of 15.7 percent during 1953-1967 and 1.6 percent
during 1968-1983 (Figure 1 and Appendix A). Federal funding in
current dollars was $4.96 billion in 1983, when it comprised 64
percent of total spending for academic R&D (Figure 2); state and
local governments accounted for 7 percent, industry for 5 per-
cent, the universities themselves for 16 percent, and all other
sources for 8 percent.

Recent data on research equipment alone show a similar pat-
tern. The federal government accounted for 65 percent of total
spending for academic research equipment in 1982 and 63 pet-Cent
in 1983. Nonfederal sources of funding increased by 14.5 percent
between 1982 and 1983, while federal funding of academic
research equipment grew by only 2.4 pet-Cent (Appendix B).

A significant source of research equipment was the building
boom of the 1960s in academic R&D facilities. The institutions
had been expanding since the early 1950s in response to a national
need to cope with the postwar growth in enrollments. The launch-
ing of Sputnik led the federal government to invest heavily in
expanding their capacity for graduate education and research in
the sciences and engineering. The boom tapered off in the late
1960s. Spending on academic R&D facilities and equipment,
currently about $1 billion per year, has been relatively flat since
1968 in current dollars and, in constant dollars, declined 78
percent during 1966-1983 (Figure 3). The federal share of the
total, meanwhile, declined from 32 percent in 1966-1968 to 12
percent in 1983. Federal obligations for academic R&D plant
have been relatively flat since 1973 in current dollars, averaging
about $38 million per year (Figure 4); in constant dollars the
obligations fell 93 percent during 1966-1983 and 64 percent during
1973-1983.

The Equipment Problem

The trends of the past 15 years or so in federal funding of
academic R&D and facilities are significant elements of the
universities' set ious problem with research equipment. The prob-
lem is usually stated as a shortage of state-of-the-art equipment,
but the costs of operation and maintenance are serious difficulties
as well.

481
53-277 0 - 86 - 16



5000

"I 4500

4000

z o 3500
cza

3000
tia c

2500

g = 20061
a

< 1500
cza 1000
cza

500

0
53 55 57 59 61 63

um- MI gni

476

FIGURE 1
Federal R&D Expenditures at Universities and Colleges

Fiscal Years 1953-1983

Current

---- Constant

SOURCE: Appendix A.

482

65 67 69 71 73 75 77 79 81 83

FISCAL YEAR



477

FIGURE 2
Percentage of Total R&D Expenditures at Universities

and Colleges by Source

1953

1973

SOURCE: Appendix A.
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FIGURE 3
Capital Expenditures for Academic Scientific and Engineering Facilities

and Equipment for Research, Development, and Instruction

Fiscal Years 19644983
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FIGURE 4
Federal Obligations for R&D Plant to

Universities and Colleges
Fiscal Years 1963-1985
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Tke §ituation has been examined in studies that date back to
1971. These studies give only crude estimates gf the cost of
updating academic research equipment nationwide, but the
reality of the problem is not in question. According to the
National Science Foundation (NSF) National Survey of Academic
Research Instruments, 72 percent of department heads reported in
1982-1983 that lack of equipment was preventing critical experi-
ments. NSF grantees in a second study were asked to rank six
factors for importance in spending university money to improve
research.° They ranked instrumentation first more often than
any other factor and facilities second. The other factors were
numbers of positions and pay for faculty and for graduate students.

The remarkable power of modern scientific instruments, ironi-
cally, is part of the problemas equipment has grown steadily
more sophisticated, its cost has outrun the overall rate of i
t ion. The most powerful versions of some kinds of equipment,
moreover, now cost so much that the government funds them only
for use in national or regional facilities as opposed to exclusive
use by one university or one investigator. The trend is evident in
a major industrial laboratory's comparison of the coot of sustain-
ing state of the art in equipment in 1975 and 1981.11 The study
was based on 126 items of equipment worth some $13.5 million in
1981. Costs were found to have climbed 16.4 percent per year
during 1975-1981; the consumer price index during the same period
rose 9.9 percent per year.

Start-Up Costs

The rapid evolution of equipment in power and cost has
especially affected start-up costs for faculty investigators. A
midwestern university, for example, equipped two new investi-
gators with comparable experience and interests in chemistry, one
in 1970 and one in 1979. The investigator equipped in 1970
needed dedicated equipment costing $8,000 and access to depart-
mental equipment costing $116,500. For the investigator equipped
in 1979, these figures_had climbed to $43,850 and $741,000, equiv-
alent to an annual increase of 22 percent for laboratory instru-
ments and 23 percent for departmental instruments. Without the
costlier, more powerful equipment, however, the investigator
equipped in 1979 would not have realized his potential in contrib-
uting to his field of research.

The experience was typical of the 1970s, and the costs have
continued to rise in the 1980s. Chemistry and other fields where
investigators raditionally work with personal, bench-top equip-
ment have become capital intensive. The cost of equipment and
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facilities needed for a new faculty member today may easily
surpass the size of the endowment needed to pay his salary.13

People Versus Equipment

During this period of rising costs for research equipment, fed-
eral funding agencies have displayed growing reluctance to pay
for it at the expense of the operating costs of research. The usual
preference is to fund,people at the expense of equipment. The
fraction of research-project support allocated to permanent lab-
oratory equipment by the National Institutes of Health (NIH)
declined from 11.7 percent in 1966 to an estimated 3,1 percent in
1985. At NSF, the fraction fell from 11.2 percent in 1966 to an
average of 7.1.percent,during 1969-1976. During the past few
years, however, the agencies have been paying more attention to
equipment (see below). NSF support, for example, is expected to
rise to an estimated 17.5 percent of total research-project
support for fiscal year 1985.

FUNDING MECHANISMS

Federal funds for academic research equipment for some years
have largely been built into the support for the work in which the
equipment is to be used. An investigator's research proposal, for
example, r ,ay request funds for new equipment needed as well as
for the research itself. Several agencies recently have started
direct funding programs specifically for equipment in response to
the universities' growing problem with it. Nevertheless, the
diverse array of traditional funding mechanisms remains the
leading source of federal support for academic research equip-
ment. These mechanisms have contributed immensely to the
strength of U.E. science. Some of their characteristics, and the
associated regulations, however, tend to complicate the acqui-
sition, operation, and maintenance of equipment.14

Individual Research Projects

Almost half of federal support for research in universities
comprises grants or contracts for individual research projects to
be conducted by one or a few investigators. Awards are made on
the basis of proposals submitted by investigators and evaluated as
a rule by scientific and technical review. Proposals are judged
comparatively as well as on their own merits. This competitive
approach is designed tc ensure that the available funds support

4
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the most worthy research. Currently, a proposal has a 30 to 50
percent chance of succeeding.*

Research-project grants and contracts are awarded to the
investigator's university. The term is rarely more than three
years, and the amount rarely exceeds $200,000 per year. Project
grants awarded by NIH in 1985, for example, averaged $133,000;
at NSF theyaveraged about $94,000 (Figure 5). The amounts of
the awards generally have kept up with inflation, but research
itself has become more capital intensive, and that capital expense
is often reflected in university investment in equipment and
facilities.'

Thestrengthl and weakng§ses of the research-project system
have been studied at length. 14 The size of the awards, for
example, permits many investigators to be supported and many
agencies to fund research of interest to them. On the other hand,
the number and relatively short terms of awards create a heavy
administrative task for agencies, universities, and researchers.
Active scientists may need three or four grants to support their
programs and so devote much time to competing for funds from
federal and other sources.

As the costs of equipment have outpaced inflation, project
awards increasingly have accommodated equipment of only modest
cost. Funds generally cannot be carried forward or backward
between grant years to acquire equipment too costly to buy from
one year's funds. Further, individual scientists have difficulty
combining funds from more then one award to acquire equipment;
similarly, several scientists usually find it difficult to pool funds
from their awards for equipment to be shared. Also, the rising
costs of equipment have led agencies to increase their require-
ments for matching funds from universities (see further discussion
in regulatory section below).

A Major Barrier'

The mismatch between the size of individual research grarts
and the costs of much research equipment would be eased sig-
nificantly by permitting equipment to be purchased in the initial
grant-year with payment spread over the subsequent two to four
years as a direct charge. The lack of such a systematic approach

*In 1975, NIH received 12,160 grant applications; 46 percent were
actually funded. In 1983, applications totaled 19,154, of which
only 33 percent ,were funded.
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to acquiring equipment is a major barrier to acquisition. Our con-
N ersations with chief business officers of universities revealed
that most would be willing to finance or arrange for financing of
research equipment if repayment, including interest, could be
charged directly to grants over several years.

The indirect cost mechanism is not satisfactory to encourage
equipment acquisition, because indirect costs are seldom fully
recovered. Additionally, rising indirect cost rates are being
attacked by the government, the Congress, and university faculty
members. Increased indirect cost rates, even for equipment
purchases, receive little understanding or support.

This dilemma leaves many investigators searching for ways to
acqufre equipment directly that entail "reasonable" financing
casts. Some such mechanisms are described in Chapter 4.

Experiments with Grants

A full critique of the research-project system is beyond the
scope of this report. We note, however, that the flaws in the
system affect not only equipment. The administrative burden was
cited above. More broadly, the emphasis on discrete tasks of
relatively short duration restricts the flexibility of universities
and their scientists in handling funds and pursuing research in
terms of long-range, coherent programs. Federal agencies are
struggling with such problems. NIH is experimenting with grants
of five years or more.15 Such grants were common at one time,
but maximum award periods gradually shrank to the now-common
three years during the 1970s. One of the new NIH experimental
programs, the Outstanding Investigator Grant of the National
Cancer Institute, is a seven-year award that will permit funds to
be carried over from one year to the next.

Research Programs

Research programs funded by federal agencies involve broad,
coherent areas of investigation and more than one investigator.
Annual support generally exceeds $200,000. One example of a
research program is a Department of Energy (DOE) grant to a
university for research by a group of investigators in high-energy
particle physics. Although research programs are larger than
individual projects, the strengths and weaknesses of the two
mechanisms are similar.
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Research Centers

Federal agencies also support research centersacadt..nic
organizations that work in broad fields of research of interest to
the university and the sponsoring agency. Examples include the
NIH Categorical Disease Centers and the NSF Materials Research
Laboratories. Research centers receive block (core) funding, as
contrasted with individual project funding. Management of the
center and coordination of specific research projects into a coher-
ent program are delegated to the. university. Proposals for specif-
ic research projects must be approved there, but may or may not
be reviewed and approved individually by the sponsoring agency.

Our study team visited four of the 14 Materials Research
Laboratories (MRLs) supported by NSF. The MRLs receive five -
y, ear block grants that support multi-investigator research on
materials as well as central facilities with equipment costing in
the- range of $100,000 to $1 million. Block funding unquestionably
eases equipment problems; the scientists we spoke with con-
sidered themselves relatively well equipped in relation to
colleagues at many other universities.

A thorough study of materials research conducted at MRLs
and at other universities with project-grant support was com-
pleted in 1978.'6 The results showed in part that the MRL
core-grant mechanism was more efficient than project-grant
funding in terms of time and money expended by NSF and the
university in administering grants. The MRLs also were found to
be scientifically effective. In terms of both efficiency and
quality of research, however, core funding was not found to be
clearly superior to other funding mechanisms examined. The
results did suggest that different funding mechanisms lead to
different ways of doing research and produce different kinds of
science.14

NSF currently is starting a major new program of block-
funded, multidisciplinary engineering research centers at
universities.'? The invitation to submit proposals drew 142
responses involving 3,000 investigators at 107 universities. One of
the attractions of the program is the opportunity to obtain
state-of-the-art equipment. Eight universities have been selected
to start six of the centers in 1985. The six will receive $94.5
million from NSF over the next five years and are expected to
attract additional funds from industry. As many as 20 of the
centers may be established eventually. NSF plans also to spend
$200 million over the next five years to set up supercomputer
research centers at the University of California at San Diego, the
University of lllinois at Urbana-Champaign, Cornell University,
and the John Von Neumann Center near Princeton.I8
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Large Facilities

Federal agencies support a number of national and regional
facilities based (v. equipment deemed too costly to be dedicated
to use at one university. These large facilities, like research
centers, receive block funding. They are designed to give aca-
demic scientists, on a national or regional basis, access to instru-
ments that would not otherwise be available to=them. Examples
include the Stanford Synchrotron Radiation Laboratory (SSRL)
supported by DOE and the regional instrumentation centers sup-
ported by NSF.

Large facilities serving many users predictably face problems
peculiar to ti-e mode of operation (see discussion of National and
Regional Facilities in Chapter 3). For example, instruments com-
mited to a broad range of users cannot also be modified to meet
highly specialized needs. Large centers can provide only limiter
a,:cess to the instrumentation, causing delays in research. Costs
of trav<1 and lodging are rising sharply, and centers are some-
times geographically isolated from universities. At national
facilities, with equipment costing millions of dollars, the only
realistic option is to find ways to minimize the problems. The
cost of equipment at regional facilities, on the other hand, may
not absolutely bar providing it for one university, providing that
the equipment is utilized fully and effectively. Resolution of such
issues requires an evaluation of costs versus scientific effective-
ness, such as the study of the NSF Materials Research Labora-
tories cited above.

General Research Support

Federal agencies provide general research support to univer-
sities to strengthen their research capabilities or for work in a
specified subject area. The reci^;ent has considerable discretion
in the use of the funds. Such sur.i.-ort is provided today only by the
U.S. Department of ingriculture (USDA), through funding of Agri-
cultural Experiment Stations under the Hatch Act and related
programs, and by NCH in its Biomedical Research Support Grants.
The experiment stations are attached to land-grant universities
and have a relatively free hand in deciding the specific research
to be undertaken so long as it is agricultural research.

The NIH Biomedical Research Support Grant (BRSG) provides
institutional support based on NIH-funded research at the univer-
sity. The grant is thus indkectly subject to scientific and tech-
nical review. The funding ceiling for the BRSG program is set by
statute at 15 percent of total NIH appropriations for research
grants. The percentage actually awarded declined from an
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average of almost 8 percent in the late 1960s to 1.5 percent in
fiscal year 1984. BRSG awards totaled $47.4 million in 1984 and
were diStributed among 546 institutions.

We found that BRSG awards are highly regarded in academe
because of the local discretion permitted in the use of the funds.
Researdh equipment benefits markedly from these awards. A
recent aSSessment,shows'that 25 percent of the BRSG funds spent
at nine universities in 1979-1980 contributed to the purchase or
maintenance of central research facilities including equipment.19
In fiscal year 1982, BRSG awards totaling about $44 million were
distributed among 516 institutions; of the total, $6.4 million, or
14.5 percent, was spent by universities on shared equipment or
instruments.

NSF had a similar program from 1961 to 1974. The Institu-
tional Grants for Science were based on all federal support for
scientific research received by a university except support from
the Public Health Service (mainly NIH). Obligations for these
grants peaked at $15.2 million in 15o7. During the 14-year life of
the program, more than 50 percent of the funds awarded was used
to buy instrumentation.*"

Special Equipment Programs

Four federal agencies in recent years have been supporting
special programs that provide academic research equipment
separately from the, normal research funding mechanisms. The
Department of Defense (DOD) has a five-year program scheduled
to run through 1987; DOE has a five-year program projected to
run through 1988. NIH and NSF have programs with no fixed
expiration dates. The four agencies' programs are designed to
respond to competitive proposals. They vary, however, in cha-ac-
teristics and requirements; detailed descriptions are given in
Appendix C.

The magnitude of the universities' equipment problem is sug-
gested by experience with the DOD program, which is funded at
$30 million per year. For the first year of the program, fiscal
year 1983, the agency received 2,500 proposals for instrumenta-

*In the same period, NSF had two other general support pro-
grams-- the University Science Development Program and the
Departmental Science Development Program. Both were designed
to expand capacity; they were eliminated in the early 1970s when
that task was judged to be completed.'4
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tion valued at a total of $645 million. Two hundred proposals
were funded. In Phase 2 (fiscal year 1984-1985) DOD received
1,870 proposals, totaling $370.1 million, and made 452 awards to
147 institutions.

An important, characteristic of these special equipment pro-
grams is that generally they do not pay full costs (see Appendix
C). Renovation of facilities, operation and maintenance, and
similar necessities are not covered. Matching funds may be
requiced but sometimes are only encouraged. Matching contri-
butions often cannot include the costs of operation, maintenance,
and other elements of full cost. All of the universities we visited
report that these excluded costs and matching requirements are
serious,practical concerns in decisions to compete for funding
from the special equipment programs.

Despite the differences in the programs, the agencies' general
approach can be illustrated by the DOE design. A level of match-
ing funds is not specified, but matching is a factor in evaluating
the applications. DOE will not pay for renovation and installa-
tion, operation and maintenance, service contracts, and technical
support. The matching contribution, however, can include the
costs of shipping, installation, and renovation and modification of
the space for the instrument. (In fiscal year 1984, the match also
could include the costs of.operation and maintenance, and we are
concerned.by the removal of this provision in view of the heavy
costs this excluded from matching.) The university must estimate
the usable life of the instrument and demonstrate plans for
ensuring its continued availabiliy during the first five years.

Operations and Maintenance

Operations and maintenance are funding problems not only in
special equipment programs. These functions together, over the
service of life of equipment, may cost more than the purchase
price. Still, funding agencies often do not cover the costs of
maintenance an professional support staff for research equip-
ment. This situation has started to change, however. The
Chemistry Division at NSF, for example, now requires a university
to indicate in research proposals how it will maintain equipment.
We welcome this development as long as agencies recognize their
obligation to meet these costs as part of their support for
research.

When funding agencies' budgets are trimmed, operating and
maintenance funds are vulnerable. Astronomers at one university
we visited, for example, were given a computer developed several
Years ago for image scanning. They have been funded by NSF to
adapt it to a facility for automated plate scanning but anticipate
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trouble supporting it once it is operational, as NSF will not allow
user charges to the astronomy community. We learned of a simi-
lar circumstance at another university involving a gas-phase
sequencer funded by an NIH grant; the proposal had requested
funds for a supporting technician, but these were cut by the
agency.

Excess Property

The federal excess property program makes research (and
other) equipment available to universities under certain condi-
tions. Equipment made available through the excess property
program is usually useful to researchers, but is not state of the
art. It includes items such as machine tools, vehicles, trailers,
motors, pumps, cameras, and machine parts. These items reduce
the cost of performing research but add to the administrative
burden because of extensive recordkeeping requirements.21 ,22

The excess property program was modified in 1976 by Public
Law 94-519, implemented by regulations on October 20, 1977.23
Congress purposely placed restraints on the program because of
abuses by many local governments and other grantees. Public
Law 94-519 also liberalized the surplus property programs so that
surplus property became available to a wider group of nonprofit
organizations. It is important here to distinguish between excess
property and surplus property. Excess property is that which is no
longer needed by the agency that owns it and therefore is offered
by the General Services Administration to all other federal
agencies. If no agency needs it, it becomes surplus property.
Now that a larger audience has access to surplus property, some
universities are finding items heretofore easily obtained at state
agencies for surplus property to be first reserved for other
nonprofit entities.

The 1977 regulations that implement PL 94-519 appeared to be
a deliberate attempt to discourage agencies from giving excess
property to grantees. The discouragement took the form of
imposing on the agencies intricate and unreasonable requirements
for recordkeeping, reporting, and other paperwork. One example
is the requirement that "all nonfederal screeners shall be subject
to certification by federal authority." That is, a university re-
searcher must state qualifications to screen excess property.
Additionally, the researcher must submit a passport-style photo-
graph with signature. .

Investigators inquire from time to time about the possibility of
reestablishing the excess property program as it was before 1976,
when excess property could be obtained with ease.

435
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DOE is upgrading and enhancing its excess property program
to provideused instrumentation from DOE-supported national
laboratories to universities for use in energy-related research and
educatiOnal programs. Current DOE funding is not a prerequisite.
Lists of .exceSs equipment are available at designated DOE sites
and are published monthly by the Government Printing Office.

Generally smaller instruments, such as microscopes, oscillo-
scopes, spectrometers, and chromatographs are made available on
a first-come basis. Universities with DOE research grants may
also gain access to the list of eligible equipment through DOE-
RECON, an interactive, computer-based system managed by the
agency's Office of Scientific and Technical Information at Oak
Ridge, Tennessee. For other investigators, the data base is being
put on a microcomputer for access by terminal and modem via
telephone in a pilot program scheduled for operation in 1985.

Federally Subsidized Loans

Four programs are authorized under the Higher Education Act
of 1965 (PL 89-329) to provide loans or interest subsidy grants on
loans from nonfederal sources. They would reduce borrowing
costs to universities for the construction, reconstruction, or
renovation of academic facilities, which could include research
equipment. The loan programs are unfunded, however, and the
interest subsidy program is funded only to pay interest subsidies
on prior loans. No equipment-specific federal loan program is
currently authorized.

We analyzed the potential usefulness of a loan subsidy program
by developing hypothetical models and comparing costs (see
Appendix D). We looked at three alternatives: loan guarantee,
loan guarantee with interest subsidy, and direct loan with low
interest. The loan guarantee appears to have no particular
advantage. Of the two remaining alternatives, the direct, low-
interest loan would be cheapest, given favorable rates of inter-
est. We have not assessed the potential effects of the loan
programs hypothesized in Appendix D on the overall distribution
of public funds for academic research and research equipment.
One question that would warrant attention is whether such pro-
grams would encourage expansion of the nation's total research
capacity, as opposed to upgrading or replacing equipment already
in place in research institutions. A broader issue would be the
effectiveness loan programs, in terms of both economic and
scientific efficiency, relative to other federal options for funding
academic research equipment.

I4 96
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FEDERAL REGULATORY ISSUES

Federal regulations play an important role in the acquisition,
management, and use .of equipment for federally supported
research at universities. Sometimes they create barriers-to
acquisition, complicate management, and may discourage appro-
priate use of research equipr..ent. Because regulations that deal
with research equipment are designed to control, rather than
facilitate, its acquisition, management, and use, they hamper
innovative approaches to more effective use of existing resources.
More precisely, federal regulations are usually frameii.in language
that permits both universities and the government to accommo-
date individual circumstances. It is the application or interpreta-
tion of the rules that appears in most instances to create barriers.

The most critical barriers are barriers to cost recovery, since
these are the ones most likely to influence the acquisition deci-
sion. Our approach to identifying barriers began with a regulatory
inventory in each area of acquisition, management, and use. It
also entailed a careful assessment of whether the actual rule or
its various interpretations were creating barriers.

Regulatory Framework

For grants, the principal governmentwide rules controlling the
acquisition, management, and use of federally supported research
equipment are contained in two Office of Management and Budget
(OMB) circulars: OMB Circular A-21 (Principles for Determining
Costs Applicable to Grants, Contracts, and Other Agreements
with Educational Institutions) and OMB Circular A-110 (Uniform
Administrative Requirements, Grants, and Agreements with
Institutions of Higher Education).

These circulars are often supplemented by agency issuances,
but those issuances are not supposed to be more restrictive than
the OMB circulars. OMB Circular A-21 states, "Agencies are not
expected to place additional restrictions on individual items of
cost." OMB Circular A-110 says, "the standards promulgated by
this Circular are applicable to all Federal agencies...exceptions
from the requirements of the Circular will be permitted only in
unusual cases. Agencies may apply more restrictive requirements
to a class of recipients when approved by the Office of Manage-
r. .:nt and Budget." Agency supplements, however, are not always
consistent with OMB guidance. Between the foregoing principles
and their application in individual circumstances, a wide gap often
exists.
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For contracts, the Federal Acquisition Regulation (FAR) and
OMB Circular A-21 are the principal governmentwide rules con-
trolling the acquisition, management, and use of federally sup-
ported research equipment. The basic.FAR is further supple-
mented by agency issuances. The Department of Energy, for
examplersupplements the FAR by its Department of Energy
Acquisition Regulations (DEAR). The Department of Defense
does the .same with the Defense Federal Acquisition Regulation
Supplement (DFARS), and so on. All of this follows principally
from the basic grants statute, the Federal Grant and Cooperative
Agreement Act (PL 95-224) and three procurement statutes.24
Only specific parts of each of these circulars and/or grant or pro-
curement rules are concerned with the acquisition, management,
and use of research instrumentation.

Table 1 shows the principal contract rules that affect research
equipment. Table 2 shows the principal grant rules that affect
research equipment. An inventory was necessary because when-
ever instances of regulatory barriers were raised, it was essential
to identify which federal regulations created them.

Several terms warrant explanation. First, the terms equip-
ment, instrumentation, and personal property are synonymous as
used here. Second, equipment or property is defined in OMB
Circular A-21 [Section 3.13.a(1)) as a.tangible item having a use-
ful life of more than two years and an acquisition cost of WO or
more. Third, the FAR governs procurement by all federal
agencies and applies to all contractors.

Barriers to Acquisition and OptimUm Management and Use

The most troublesome barriers to acquisition and optimum
management and use of equipment, as mentioned earlier, are
those dealing with cost recovery. A notable example is the lack
of a regular mechanism that permits the coat of equipment to be
recovered directly from research grants by spreading the cost
over several grant-years (see previous discussiln under Funding
Mechanisms). Other barriers we identified include uncertainty of
title to equipment, requirements for matching funds, restrictions
on combining funds, and the extensive reporting and approval
requirements for obtaining equipment. Equipment screening and
inventory requirements were cited as expensive and unnecessary
paperwork burdens.

The Uncertainty Barrier

The uneven application and inconsistent interpretation of the
rules occuratt Teral points in the system owing to the practices



TABLE 1 Regulations Affecting Cost-Reimbursement Contracts
That Include Acquisition of Research Equipment

Agency
Acquisition
and Title

Management
and Use

Records
and Reports

Cost
Recovery

Principal Regulations

DOD/GSA/NASA FAR 35.014 52.245-5 (e) -(I) 52.245-5(c)(4) 35.014(b)(4)
45.302-1 (Facil- (Government Alternate 1 52.245- 5(c)(4)

ities only) Property only) Alternate 1
52.245- 5(c)(4)
Alternate I

52.244-2
OMB Circular A-21 3.13.b.(2) and J.38 3.9.e. J.9 and J.17.e

(FAR 31.303) C.4.b.

Management Recoids Cost
Agency Acquisition and Use and Reports Recovery

Supplemental Agency Regulations

DHHS: HHSAR
DOD: DFARS 235.014

Page 252.235-14
(2 clauses)

270.601 (ADPE)
NSF: NSFAR
DOE: DEAR 917.7108

Page 252.235-15

270.605 (ADPE)

917.7113 (SRC)
Article B-1X

917.7108-1(d)

917.7113 (SRC)
Article B -IX

945.104-70 945.102-70

935.014 945.5 945.505-14
952.245-5 952.245-5

USDA: AGAR
NASA: NASA FS 1835.014 1845.72 1845.505-670 .

1845.502-72
1845.70

NOTE: FAR, Federal Acquisition Regulation; HHSAR, Health and Human Services Acquisition
Regulation; DFARS, Defense Federal Acquisition Regulation System; NSFAR, National Science
Foundation Acquisition Regulation; DEAR, Department of Energy Acquisition Regulation; AGAR,
Agriculture Acquisition Regulation; NASA FS, National Aeronautics and Space Administration
Acquisition Regulation. i
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TABLE 2 Principal Regulations Affecting Grants That Include
Acquisition of Research Equipment

Agency

OMB
Circular A-21

Circular A-110,
Attachment N

Circular A-110,
Attachment 0

Agency Provisions

HHS: PHS Grants
Policy Statement

DOD: AFOSIta
Brochure

NSF: Grant
Policy Manual

DOE/OER:b
Proposed 10
CFRc Part 605

USDA: 7 CFR
Part 3015

NASA: Grant
and Cooperative
Agreement
Handbook

Governmentwide
Acquisition Management
and Title and Use

3.13.b.(2), J.38
and C.4.b.

para. 5

paras. 3.b. and 3.c.

Records Cost
and Reports Recovery

paras. 5 and 6

To Implement OMB Circulars

Pages 32 and 35
(Addendum) 45,
48-49, 51, 81
Page 14

GPM 512.3, 515
524, 772.1
sec. 605.17(a)(1)

sec. 3015.164,
sec. 3015.196

para. 408

Pages 48-50, 81

Page 15

GPM 204.2, 332, 773

sec. 3015.165-.170

para. 408, para.
508(d), para. 509

3.9.e

paras. 5 and 6

Page 15

sec. 1509

J.9., J.I8.e

Pages 32, 33

h
Air Force Office of Scientific Research.

" Office of Energy Research.
c Office of Code of Federal Regulations.
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of agency program officers, contract/grant officers, and auditors.
Although federal regulations, as written, almost always give the
government and the universities sufficient latitude to accommo-
date individual circumstances, well-meaning government officials
interpret the regulations in ways that vary from region to region
and from agency to agency. These inconsistent interpretations
cause many university officials to behave cautiously, especially in
generating innovative debt instruments to secure costly, short-
lived, state-of-the-art research equipment. They already have
tough decisions to make on accumulating debt, without having to
worry that, sometime in the future, disallowances may be sus-
tained on the basis of circumstances then existing, rather than on
circumstances at the time of acquisition. Uncertainty is a
critical barrier.

Cost-Recovery Barriers

In addition to the inability to recover the cost of equipment
directly over several years, we identified three regulatory bar-
riers to acquisition, and all deal with restrictions on cost recov-
eL y. They are (1) the inability to recover interest on borrowed
funds, (2) the unrealistically low allowance for equipment use, and
(3) the prohibition against setting an optimal price (user charge)
for equipment use and replacement.

Recovery of Interest The first barrier leaves recovery of the full
cost of a piece of equipment uncertain. OMB Circular A-21 was
amended in August 1982 to eve federal agencies the discretion to
approve interest on equipment financing as an allowable indirect
cost. This discretion was restricted to interest on externally bor-
rowed funds. Interest on a university's own funds used to finance
equipment is not an allowable cost. There are instances where
agencies have approved recovery of interest on external borrow-
ing, but we found several cases in which approval was denied. A
decision not to allow recovery of interest costs is often sufficient
disincentive to cause academic decision makers not to use debt
financing to acquire research instruments from either internal or
external sources,

Use Allowance/Depreciation The second barrier is the unrealis-
ticallylow allowance permitted for federal reimbursement of the
use of equipment purchased with nonfederal funds. This allow-
ance is called a "use allowance" and is computed at an annual rate
not to exceed 6 2/3 percent of acquisition cost. The full cost is
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thus recovery ie in no less than 15 years, but the realistic life of
state-ofthe-art research equipment is three to five years.
Recognizing the disadvantage of the use allowance method, some
universities wish to convert to a depreciation method of ,ost
recovery. OMB Circular A-21 permits such conversion and
permits full recovery of the cost of an asset, notwithstanding a
university's previous decision to rely on the use allowance
method. The Department of Health ,..nd Hunan Services (DHHS)
does not object to the conversion, but will only permit recovery of
equipment costs as if the equipment were being depreciated dur-
ing the years it was actually covered by the use allowance. This
interpretation has the effect of denying full recovery of the cost
of equipment. As noted at the outset, DHHS audits 95 percent of
all colleges and universities.

Government rules permit depreciation or use allowance only
on equipment not purchased by the federal government. However,
63 percent of all academic research instruments purchased in
1983 was acquired with fcderal funds. These item- cannot be
depreciated nor may a use charge be assigned to recover the
purchase price from federal awards.

A second problem in switching from use allowance to deprecia-
tion is that depreciation will usually result in more rapid cost
recoyery, which in turn raises indirect cost rates. Increases in
indirect cost rates are not acceptable to some investigators for
any reason.

User Charges The third cost-recovery barrier to acquisition is the
stricture on differential pricing of centralized service facilities
and provision for reasonable replacement cost of the equipment
involved if it is federally financed. These specialized service
centers contain instruments like central computer equipment or
electron microscopes. OMB Circular A-21 (Section 138) says the
cost of using these facilities shall be charged directly to users
based on actual use and a schedule of rates that does not discrim-
inate between federal and nonfederal activities including use by
the university for internal purposes. But the circular also says,
"where it is in the best interest of the Government and the insti-
tution to establish alternative costing arrangements such arrange-
ments may be worked out with the cognizant Federal agency."

The cost of using large centralized and specialized pieces of
equipment often is set too high for optima! use by all investi-
gators. Where individual project grants are not funded well
enough to permit paying full costs, differential pricing would
encourage greater use of a facility but would necessarily mean
charging some users more than others. While the cognizant
agency has the authority to establish alternative arrangements,

5 2
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we found no instances of differential pricing. It is unlikely that
such arrangements can actually be established, unless the univer-
sity offers its own money to subsidize the facility. Even if one
were able to recover full operating costs, there is no provision for
setting a fee or eventually replacing or modernizing the equip-
ment. The government argues that an allowance for replacement
IS tantamount to paying for an instrument twice and, further, that
a set-aside for replacement is without benefit of scientific review.
Again, these uncertainties and inco-sistencies mitigate against
acquisition and effective use of research equipment.

Matching Requirements

Federal agencies that award funds for research equipment may
expect or require universities to contribute funds toward the cost
of such equipment. Investigators arguethat the required contribu-
tions, or matching funds, are usually too great and point out that
the university's payment of costs such as installation, operation,
and maintenance is not as a rule considered part of the match.
The governmentwide rules that apply to matching are contained in
OMB Circular A-110, Attachment E. The rules in Circular A-I10
are not in themselves burdensome, but each federal agency uses
different criteria to decide what it considers an acceptable con-
tribution. It is the unspecified match, or the uncertainty of what
is acceptable, that creates a perception of inconsistency in
federal regulations on matching.

Actually, the amount and character of a university's matching
contribution are determined by the individual agency and usually
are consistent with its intent and program purpose. Program man-
agers are given broad latitude in setting matching requirements.
They argue that this latitude is needed to assure the best possible
use of federal money.

Matching, as the term is used here, differs from cost sharing,
which is the requirement that the university contribute to the
total cost of a research project, which may or may not involve
equipment.

Ownership of Equipment

Some federal agencies dp not vest title to equipment in the
university receiving the support. In this instance, the problem is
found in both the letter and the interpretation of the regulations.
Without assurance of title, investigators hesitate to combine uni-
versity funds with federal funds to acquire an instrument--they
may find that it belongs entirely to the federal government.
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To cite an example, the Public Health Service (PHS) vests title
to equipment purchased under its grants without obligation on the
part of the university.* This practice is consistent with the intent
of the Federal Grant and Cooperative Agreement Act, which
states,

The authority to make contracts, grants, and cooperative
agreements for the conduct of basic or applied scientific
research at nonprofit institutions of higher education, or
at nonprofit organizations whose primary purpose is the
conduct of scientific research shall include discretionary
authority, when it is deemed by the head of the executive
agency to be in furtherance of the objectives of the
agency, to vest in such institutions or organizations,
without further obligation to the Government, or on such
other terms and conditions as deemed appropriate, title to
equipment or other tangible personal property purchased
with such funds.25

The Department of Energy, on the other hand, does not auto-
matically vest title to equipment purchased under its contracts.t
Such inconsistent practices among agencies inhibit efficient
acquisition, management, and use of equipment.

*Consistent with OMB CircUlar A-110, the PHS reserves the right
to require transfer of title to equipment from one grantee to
another or to the federal government even though title was vested
in the university upon acquisition. This is known as "conditional"
title, but has created no reported problems. This option must be
exercised within 120 days after the end of PHS support for the
project. Other agencies that transfer title upon acquisition also
vest conditional title (Code of Federal Regulations 45, sec.74.136).
tThe Department of Energy does not now award many research
grants but relies rather on research contracts. Departmental
policy urges that equipment title be transferred to universities
upon acquisition, but investigators say that DOE ignores its own
policy. Recently the department announced that the Office of
Energy Research would be issuing a significant number of special
research grants. An announcement in the Federal Register to
facilitate those grants appeared on April 15, 1985 (50 FR 14856);
we understand that DOE operations offices will be encouraged to
vest title upon acquisition and may vest title to equipment
previously purchased on contracts.
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Problems arise when investigators attempt to acquire an
instrument by combining funds from their own grants or contracts
froth the same or different agencies, for example, or when two
investigators want to purchase an instrument jointly with funds
from the same or different agencies. Where title to the instru-
ment vests in the government, rather than the university, it is
easy to understand the reluctance of a university official to
arrange financing. The government may prove to be unable or
unwilling to continue support for the project at an appropriate
level, leaving the university to pay for a piece of equipment that
belongs to the government.

Inconsistencies in Federal Contract Rules

The Federal Acquisition Regulation was described earlier as
the basic governmentwide set of rules governing all federal
procurement including the acquisition, management, and use of
federally supported research equipment under contracts. The
FAR is of recent origin (April 1984) and was developed to resolve
the inconsistencies of the o1.4 agency-by-agency procurement
regulations. The intent was aamirable, but the agencies were
permitted to develop supplements that implement the FAR, and
these in some instances created new inconsistencies. In several
cases, there are inconsistencies among the agency supplements.
In other instances, the FAR itself is internally inconsitent.

For universities the FAR presents two problems.2° First,
definitions of equipment and facilities do not distinguish between
industrial facilities, plant equipment, and special tooling, on the
one hand, and research facilities and equipment on the other.
Because the definitions of equipment are not clear, universities
have long been subjected to unrealistic requirements, such as
screening requests for state-of-the-art equipment through the
Defense Industrial Plant Equipment Center (DIPEC) before the
equipment can be purchased with DOD funds.* Such screening is
required because research equipment is included in the definition
of the term "industrial plant facilities."

The universities we visited felt that the descriptions of equip-
ment in the DIPEC inventory do not suffice to permit a federal
property officer to determine whether an instrument in the inven-
tory is an adequate substitute for the one requested. We encoun-

*The National Aeronautics and Space Administration has a similar
screening system, the Equipment Visibility System (EVS).
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tered no one who could identify scientific or technical equipment
acquired via DIPECscreening. Hence the required time-
consuming screening is wasteful for both the universities and the
government and serves no useful purpose for research equipment.

The DOO definitions of what constitutes equipment are so
oriented toward manufacturing and production as to mean little to
research contracts with universities.

The second difficulty is the inconsistency of the FAR contract
clauses - governing vesting of title, which are not in accordance
with PL 95-224. This law contains the statutory authority, for
vesting title to equipment. The policies on title to equipment
acquired by universities provide that the "contractor shall auto-
matically acquire and retain title to any item of equipment
costing less than $5,000" and "if purchased equipment costs $5,000
or more," the parties may agree that title vests in the contractor
on acquisition, or they may select among several other options.
The contract clause that implements this policy prc ides that
title ordinarily vests in the government, rather than with the
contractor. It also provides, however, that title to equipment
costing less than $1,000 may vest in the contractor on acquisition
but only if, before each acquisition, the contractor has obtained
agency approval.

Capital Equipment Thresholds and Inventory Requirements

OMB Circulars A-21 and A-110 specify cost thresholds for
capitalizing equipment that are inconsistent and unrealistically
low. The threshold is $500 in Circular A-21 and $300 in Circular
A-110.

OMB Circular A-21 defines equipment as "tan6iLld personal
property having a useful life more than two years, and an
acquisition cost of $500 or more per unit." OMB Circular A-110
defines equipment as "tangible personal property having a useful
life of more than one year, and an acquisition cost of $300 or
more per unit."

OMB Circular A-21 addresses capitalization levels for pur-
poses of cost recovery and allowability; OMB Circular A-110
addresses the management of equipment. Circular A-21 also
requires approval in advance of purchase of special-purpose
equipment costing $1,000 or more.

If colleges and universities wish to be reimbursed for depreci-
ation or use allowance on equipment, they must maintain property
records and conduct a physical inventory at least once every two
years. The university must ensure that the equipment is used and
needed. Colleges and universities that seek such reimbursement
keep property records and conduct inventories, but those inven-
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tories are for purposes of cost reimbursement, rather than for
equipment management.

The difference in the two circulars' capitalization thresholds
$500 versus 3300creates difficulty in equipment management.
The Circular A-110 definition requires keeping track of signifi-
cantly more items than does the Circular A-21 definition. Man-
agement of the inventory would go more smoothly if both thresh-
olds were-raised and made uniform.

Two universities we visited eatimate that a threshold of $1,000
would halve the number of items in the typical university inven-
tory of capital equipment while retaining 80 percent of the com-
bined value of the equipment. At a third university, 80 percent of
the items in the inventory of equipment bought in 1983 accounted
for less than 20 percent of the dollar value of the inventory.

Circular A-110 requires that universities "assure the avoidance
of purchasing unnecessary or duplicative items." This requirement
is interpreted to mean that universities must screen their equip-
ment inventories prior to purchase. Faculty investigators generally
are willing to share to cut costs, but we were told that the $300
threshold requires considerable screening for items that are not
economically suited to sharing. Some universities have negotiated
higher screening thresholds with their auditors. The screening
level at one university we visited, for example, is $10,000. It
accounts for 3.2 percent of the items in the inventory of equip-
ment bought in 1983 and for 50 percent of the dollar value.

Prior Approval Systems

Purchases of equipment costing more than $1,000 and not
otherwise approved for acquisition with NH-I and NSF project-
grant funds ordinarily can be approved by the university under the
NIH Institutional Prior Approval System (IPAS) and the NSF
Organizational Prior Approval System (OPAS). These systems
eliminate some of the postaward restrictions attached to the
project grant, such as the requirement for prior approval by the
agency to incur certain costs or to shift funds among budget
categories. IPAS and OPAS einphasize the grantee's flexibility to
allocate resources to achieve optimum research outputs and are
valued highly by investigators and adrhinistrators. They reduce
turnaround time on requests from six or more weeks to a few
days, thereby permitting the university to take advantage of
timely price discounts or other special arrangements.

Under IPAS and OPAS, tie' universities are charged with adher-
ing to both the agencies' grant regulations as well as university
standards. Both individual transactions and the procedures them-
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selves are subject to review by the agency and the auditor. The
universities must retain documentation of their IPAS/OPAS trans-
actions.

The NSF OPAS contains a provision that permits the university
to incur cost up to 90 days before a grant is awarded. This pro-
vision can reduce lags in start-up caused by delays in delivery of
equipment. It also gives the university ample oppOrtunity to
obtain msvimum benefit from negotiations, including taking
adyantage of tax incentives to industry for donations and bargain
sales of,equipment. The OPAS makes it easier to combine funds
from NSF grants when the grants are scientifically related.
Additionally, the university is authorized to rebudget grant funds
far renovations costing less than $10,000.

The Public Health Service is currently in the second phase of
an experiment with the IPAS. This experiment extends additional
approval authority to the university. It includes the ability to
make decisions on.the purchase of general-purpose equipment to
be used for scientific applications. General-purpose equipment
includes items like cargo vehicles, computing equipment,
cameras, and refrigerators.

The Office of Naval Research (ONR) operates a system that,
among other functions, moves the locus of government decision
making closer to the campus. ONR resident representatives on or
near campuses around the country can approve purchases locally,
which considerably expedites the acquisition process. The resi-
dent representative is usually authorized to approve purchases on
behalf of agencies other than DOD. This system provides certain
benefits comparable to those of IPAS and OPAS, although it does
not constitute delegation of prior approva.. authority to the
universities.

RECOMMENDATIONS

Traditional federal funding mechanisms, although they account
for well over half of expenditures on academic research equip-
ment, do not on balance comprise adequate means of regularly
replacing obsolete or worn-out.equipment. Current special equip-
ment programs, operated outside the traditional funding channels,
are extremely useful. Still, they were designed largely to respond
to an emergency and, at present. levels, obviously are not a long-
term solution to the equipment problem.

Federal regulatory practices are an element of the problem.
Few federal regulations directly prevent the acquisition of
research equipment by,univ,ersities or hamper its operation, main-
tenancevar4replacement; however, the interpretation of regula-
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tions does impede acquisition and especially complicates manage-
ment and replacement and modernization of research equipment.

We recommend...

1. That the heads of federal agencies supporting university
research issue policy statements aimed at removing barriers to
the efficient acquisition, management, and use of academic
research equipment. Few federal regulations, as written, con-
tribute directly to the equipment problem. Inconsistent interpre-
tation of regulations by federal officials, however, complicates
the purchase, management, and replacement of research equip-
ment and leads to unnecessarily conservative management prac-
tices at universities. Desirable actions are summarized in the
recommendations below.

2. That federal agencies more adequately recognize and
provide for the full costs of equipment, including operation and
maintenance, space renovation, service contracts, and technical
support by...

...providing these costs in.project grants and contracts or
ensuring that recipients have adequately provided them.

...accepting universities' payment of costs such as installation,
operation, and maintenance as mate-!..-Ig funds on programs that
require matching contributions by universities.

3. That federal agencies adopt procedures that facilitate
spreading the cost of more expensive equipment charg_cl directly
to research-project awards over several award -years and allow
the cost and use of equipment to be shared across award and
agency lines. Individual research-project grants and contracts
normally can accommodate equipment of only modest cost.
Investigators, moreover, have difficulty combining funds from
awards from the same or different agencies to buy equipment.

4. That federal auditors permit universities to recover the full
cost of nonfederally funded equipment from federal awards when
they convert from use allowance to depreciation. Office of
Management and Budget (OMB) Circular A-21 permits such
conversion as well as recovery of full cost. Auditors of the
Department of Health and Human Services, however, permit
recovery only as if the equipment were being depreciated during
the time it was in fact covered by the use allowance. This
practice, in effect, denies recovery of full cost.

5. That the Office of Management and Budget make interest
on equipment funds borrowed externally by universities unequivo-
cally an allowable cost by' emoving from OMB Circular A-21 the
requirement that agencies must approve such charges. Interest on
externally borrowed funds has been a permissible cost since 1982
at the discretion of the funding agency, but agencies have shown
significant reluctance to permit it. The perception of inability
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to recover interest costs may lead university officials to decide
against seeking debt financing for equipment.

6. That all federal agencies vest title to research equipment
in universities uniformly upon acquisition, whether under grants or
amtracts. Federal regulations on title to equipment vary among
agencies, and such variability inhibits efficient acquisition, man-
agement, and use of equipment. Without assurance of title, for
example, investigators hesitate to combine university funds with
federal funds to acquire an instrument not affordable by a single
sponsor.,

7. That the Office of Management and Budget make federal
,regulations and practices governing management of equipment
less cumbersome by...

...setting at $10,000 the minimum level at which universities
must.screen their inventories before buying new equipment and,
above that minimum, permitting universities and agencies to
negotiate different screening levels for different circumstances.

...raising the capitalization level for research equipment to
$1000 in OMB Circulars A-21 (now at $500) and A-110 (now at
$300) and giving universities the option of capitalizing at
different levelS.

8. That the Department of Defense eliminate its requirement
that the 'inventory of the Defense Industrial Plant Equipment
Center (DIPEC) be screened for the availability of specialized
scientific equiPment requested by universities before new equip-
ment is purchased. The descriptions of equipMent in the DIPEC
inventory do not permit a federal property officer to determine
whether a scientific instrument in the inventory is an adequate
substitute for the one requested. Hence, the requirement for
screening is wasteful for both universities and the government.

9. That other federal agencies adopt the NIH and NSF prior
approval systems. Purchases of equipment with federal funds
ordinarily must be approved in advance by the sponsoring agency.
Purchases can be Approved by the university, however, under the
NIH Institutional Prior Approval System and the NSF Organiza-
tional Prior Approval System. These systems markedly improve
speed and flexibility in acquiring equipment.
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2
The State Role in the Acquisition and
Management of Research Equipment

INTRODUCTION

State governments play significant but often conflicting roles
in regard to academic research equipment. On the one hand, they
provide important funding for such equipment both directly and,
by means of tax benefits, indirectly. On the other hand, states
often constrain the acquisition and management of research equip-
ment through regulatory controls and restrictions on public uni-
yersities'general financial flexibility.

Data on state funding of research equipment in universities
are sparse, and trend data do not exist. The National Science
Foundation's (NSF's) National Survey of Academic Research
Instruments has developed figures on the amount, condition, and
cost of existing research equipment. The figures show that states
directly funded 5 percent of the aggregate acquisition cost of
major research instrumentation systems in use in academe in
1982-1983 (Table 3). This percentage is probably an underrepre-
sentation of state support for many public institutions, since the
self-reported university contribution may include general-purpose
state appropriations. State funds for research equipment are
rarely available to private universities; the NSF data show that
private schools received only 2 percent of direct state funding for
equipment covered by the survey, whereas public schools received
98 percent (Table 4).

States provide some funding for research and development at
colleges and universities, and an unknown fraction of these expen-
ditures goes for research equipment. State and local governments
accounted for 15 percent of total spending on academic R&D in
1953 and 7 percent in 1983 (Figure 2, Chapter 1). The decline
reflects the rise in federal funding during that period (Appendix
A). In constant dollars, state funding grew about 8.9 percent
annually during 1953-1967 and about 1.8 percent annually during
1967-1983. Federal funding of academic R&D, in real terms,
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TABLE 3 Sources of Funds for Acquisition of Academic Research

Total

Federal

Total NSF NIH DOD

Total, Selected Fields $1,178.0 $640.3 $230.8 $176.5 $103.9
100% 54% 20% 15% 9%

Agricultural Sciences 36.1 7.8 1.7 1.3 0
100% 21% 5% 4% -

Biological sciences, total 381.3 198.5 35.3 149.7 2.1
100% 52% 9% 39% 1%

Graduate schools 156.1 80.6 24.5 48.9 1.0
100% 52% 16% 31% 1%

Medical schools 225.2 117.9 10.8 100.8 1.2
100% 52% 5% 45% -

Environmental sciences 92.3 45.7 16.5 0.5 6.6
100% 50% 18% - 7%

Physical sciences 351.9 229.1 116.1 19.5 32.3
100% 65% 33% 6% 9%

Engineering 218.9 106.4 35.1 2.7 45.8
100% 49% 16% 1% 21%

Computer science 46.9 21.5 10.8 0.3 9.1
100% 46% 23% 1% 19%

Materials science 34.1 24.3 13.5 0.7 5.4
100% 71% 40% 2% 16%

Interdisciplinary, not 16.6 7.0 1.8 1.9 2.4
elsewhere classified 100% 42% 11% 11 % 15%

aIndividuals and nonprofit organizations.

NOTE: Sum of percents may not equal 100 percent because of rounding.

SOURCE: National Science Foundation, National Survey of Academic
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Equipment in Use in 1982-1983, by Field (Dollars in Millions)

Funding Nonfederal Funding

DOE NASA USDA Other
Univ.
Funds

State
Govt.

Busi-
ness Othera

$63.1 $30.8 $5.0 $30.2 $371.5 $61.5 $43.2 $61.5
5% 3% 3% 32% 5% 4% 5%

0.3 0.3 2.7 1.5 17.8 6.7 1.8 2.1
1% 1% 7% 4% 49% 18% 5% 6%

3.5 0.4 1.9 5.5 131.2 18.6 6.5 26.5
1% 1% 34% 5% 2% 7%

0.7 0.4 1.7 3.5 48.2 13.0 4.3 10.0
1% 2% 31% 8% 3% 6%

2.9 0 0.2 2.1 83.0 5.5 2.3 16.4
1% 1% 37% 2% 1% 7%

8.2 5.4 0 8.5 27.5 7.2 8.4
9% 6% 9% 30% 8% 9% 4%

33.0 22.3 0.1 5.7 92.2 6.6 4.1 20.0
9% 6% 2% 26% 2% 1% 6%

14.4 2.2 0.3 5.8 78.5 13.5 13.1 7.4
7% 1% 3% 36% 6% 6% 3%

0.3 0 0 1.0 11.5 4.9 7.7 1.2
1% 2% 25% 10% 16% 3%

3.4 0 0 1.3 6.0 2.6 0.6 0.6
10% 4% 18% 8% 2% 2%

0 0 0 0.9 6.8 1.5 0.9 0.4
5% 41% 9% 6% 2%

Research Instruments and Instrumentation Needs.

t5
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TABLE 4 Acquisition of Research Instrument Systems in Use in
Purchase Cost (Dollars in Millions)

Total

Federal

Total NSF NIH DOD

Total $1,178 $640.3 $230.8 $176.5 $103.9
100% 100% 100% 100% 100%,

Type of University
Private 429.9 268.3 102.8 74.7 53.1

36% 42% 45% 42% 51%
Public 748.1 372.0 128.0 101.8 50.8

64% 58% 55% 58% 49%

System Purchase Cost
$10,000-$24,999 324.9 176.7 43.5 82.6 21.5

28% 28% 19% 47% 21%
$25,000-$74,999 372.6 194.2 68.9 53.2 37.4

32% 30% 30% 30% 36%
$75,000-$1,000,000 480.5 269.4 118.4 40.7 45.0

41% 42% 51% 23% 43%

alndividuals and nonprofit organizations.

NOTE: Sum of percents may not equal 100 percent because of rounding.

SOURCE: National Science Foundation, National Survey of Academic
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1982-1983 by Source of Funds, Type of University, and System

Funding Nonfederal Funding

Univ. State Busi-
DOE NASA USDA Other Funds Govt. ness Other'

$63.1
100%

$30.8
100%

$5.0
100%

$30.2
100%

$371.5
100%

$61.5
100%

$43.2
100%

$61.5
100%

15.2 12.8 0.3 9.4 109.9 1.3 24.7 25.7
24% 42% 6% 31% 30% 2% 57% 42%

47.9 17.9 P.1 20.8 261.7 60.1 18.5 35.9
76% 58% 94% 69% 70% 98% 43% 58%

14.2 4.9 2.8 7.3 102.7 20.1 8.6 16.8
22% 16% 56% 24% 28% 33% 20% 27%
15.1 8.6 1.8 9.3 126.2 n.3 13.9 18.0
24% 28% 36% 31% 34% 33% 32% 29%

33.8 17.3 0.4 13.6 142.6 21.0 20.7 26.7
54% 56% 8% 45% 38% 34% 48% 43%

Research Instruments and ihstrumentation Needs.

. .

. r:

.
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grew about 1.E xcent annually during 1967-1983 but from a base
more than eigh. times the base for state and local government.

The critical question is the degree to which state funds and
tax benefits intended specifically-to aid academic research are
countered by constraints general to state government. State
procurement laws, for example, tend to be highly conservative,
and creative financing is viewed warily. States traditionally rely
on negative controls to assure fiscal integrity. Such controls do
not lend themselves readily to expeditious acquisition and upgrad-
ing of complex and costly research instrumentation or to alterna-
tive modes of financing. States typically do not have a regular
mechanism for replacing obsolete research equipment nor do they
recognize its rapid obsolescence when providing initial funding for
equipment purchases. Other constraints include bars to the use of
equipment by private entities and replacement policies inconsis-
tent with the unique nature and often quite short useful life of
research equipment. Finally, most states continue to treat the
acquisition of research equipment, almost without regard for its
cost, as an operating expense. Thus, the capital financing methods
common in business, and used increasingly by private universities,
remain the exception for state-funded equipment.

MODES OF STATE SUPPORT

The state and federal approaches to funding research equip-
ment differ in part on philosophical grounds. For example, states
sometimes do not consider research and graduate study among
their primary responsibilities; more specifically, they consider
basic research a federal responsibility. Some states, in fact,
budget only for instruction in their institutions of higher educa-
tion.

State support is usually institutional, vtith only limited consid-
eration of specific pieces of equipment; federal support, in con-
trast, is mainly project oriented and independent of the overall
financing of the institution. State funding is vet), likely to be in a
form that merges support for equipment into a general operating
base; a federal research grant is likely to anticipate the acquisi-
tion of specific equipment. State funding of scientific equipment
usually is associated with new buildings or major new programs.
Most state purchasing regulations draw no distinction between
research equipment and other equipment, whether for use by
universities or other state agencies. State allocations that cover
equipment, moreover, usually also cover diverse and undifferen-
tiated instructional, administrative, and maintenance needs.

Fedefqaiiki state policies toward public and private univer-
sities alsb differ significantly. With only minor exceptions, the

tl" 5 1 8
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federal government treats public and private universities alike in
the award and management of funds for research and research
equipment. States, on the other hand, impose on public univer-
sities considerably more control, particularly fiscal control, than
they impose on private universities. Except for controls entailed
by their use of state borrow,ing authority, private universities are
exempt from virtually all state controls on the acquisition and
management of research equipment.

State support of colleges and universities is largely shaped by
the state appropriations process. Typically the process supplies
operating and capital funds for a budget period of one or two
years. The "base budget" reflects the costs of operating and
maintaining the institution at existing levels; generally it includes
allocations, often quite small, for buying and maintaining equip-
ment. The base budget may or may not reflect inflation, depend-
ing on state. practice. At the end of the budget period, unexpend-
ed or uncommitted balances generally revert to the state's
general .fund.

Proposals for new or expanded programs, and the associated
equipment, must include well-justified cost analyses and projec-
tions and must be submitted for legislative scrutiny during the
appropriations process. The economic health of the state and the
interests of its political leadership are critical factors in the
treatment of such budgetary proposals.

States are usually under heavy pressure to pay for current
operations, and very few are able to fund equipment replacement
reserves. State budget officers increasingly are requiring public
universities to include replacement reserves in their budget
presentations. Unfunded reserves, however, set up false
expectations, often exacerbated by useful-life tables that are too
long relative to the actual useful life of research equipment.

The regulations associated with state support (Appendix E)
generally apply to all state agencies and often promote good
management and provide checks and balances to ensure that funds
are spent appropriately. Still, restrictions on year-end carry over
of funds, overly restrictive state purchasingTrocedures,
dollar values for capitalization of equipment, and state budgeting
processes all combine to impose burdens on state universities not
common to private universities. Except in until,dal circumstances,
moreover, state regulations do not recognize the unique character
of scientific equipment or the difficulties of acquiring it. In
addition to high costs and short technological lifetimes,,Instru-
ments with the same general specifications, for example, may
have different capabilities. Further, the differences may be
discernible only to experts in the field.
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Fresh Approaches

Many states are seeking ways to foster technological develop-
ment, and some legislatures have recognized that colleges and
universities need capital equipment to compete for federal fund-
ing of research and create an environment conducive to economic
development. In some states, for example, participants in the
budgeting process have had the foresight to provide not just the
salaries for new faculty, but also seed money and start-up funds
for their research. We visited several such state universities.

The University or New Mexico received $2 million per year for
five years (1980-1985) from the state for research equipment and
teaching apparatus; the money was part of $5 million per year
from a statewide appropriation, which was distributed to public
colleges and universities by formula.

The state of Georgia set aside 1 percent of the stateks higher
education appropriation of $600 million for specific quality im-
provement programs at state schools. The $6 million allocated in
1984 was used to improve laboratory equipment. It was appor-
tioned according to need; Georgia Tech, for exarlole, got $1
million. Officials anticipate that similar funds will be provided
each year, but the focus may cnange from year to year according
to currentneeds. These funds are used for one-time expenditures
without continuing budgetary commitments.

The New York State Foundation for Science and Technology
has establiShed centers for advanced technology at seven public
and private universities within the state. Support for each of the
seven centers is $1 million per year for four years. In addition,
the staff: is supporting a research and development program in
engineering at Rensselaer Polytechnic Institute and a major
research facility for biotechnology at Cornell University.

The stateof Virginia in 1984 appropriated more than $30
million for a Center for Innovative Technology to be operated by
a consortium of four universities. It is designed to support
research in four areas: genetic engineering, computer-aided
engineering, microelectronics, and image processing. The state
money is seed money; substantial industrial sr port is antici-
pate& The,center will provide support for individual projects as
wellas a central facility.

The North Carolina Board of Science and Technology, a
15-member board established by the governor, did a thorough
study of academic research equipment needs in the state. In
December 1983 the board recommended that the state appro-
priate $73'million over five years to universities in the North
Carolina system for one-time purchase of equipment and $10.9
million per year for maintenance of equipment.' It recom-
mended also that the state allocate $20 million over five years to
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publiC and private colleges and universities for matching grants
for equipment. As of mid-1985, the North Carolina legislature
had not acted on these recommendations.

The North Carolina Board_of Science and Technology is
designed in part to bring together the scientific and technological
resources of government, academe, and'Industry in the state.
One result of the hoard's activities is the Microelectronics Center
of North Carolina (MCNC).2 It is intended to help the state
develop high technology industry by enhancing the research and
educational abilities of five universities and a contract research
institute. The participants are Duke, Agricultural and Technical
College,of North Caroline, North Carolina State, the University
of North Carolina at Chapel Hill, the University of North Carolina
at Charlotte, and the Research Triangle ihstitute. MCNC thus far
has been funded largely by the state. and began occupying its own
facilities at Research Triangle Park in 1983. Center leaders see
great potential for supporting excellent research facilities in
integrated circuit technology.

Another technology-fostering device is the provision at.some
schools of "incubation" facilities for shall companies just starting
out. The immediate payoff for the university is not likely to be
large, but advantages could accrue in the longer term. The state
of Georgia in 1980 established such a facility, the Advanced
Technology Development Center (ATDC) on the campus of
Georgia Tech. The center is designed to catalyze the growth of
high technology in the state, and university officials say it is "a
spectacular success." The center's location on campus gives
companies ready access to Georgia Tech's scientific-and engi-
neering resources, both human and physical, and low-cost space
for developing, testing, and manufacturing new products is also
available on campus. ATDC also serves as a conduit to Georgia's
other major research universities--the University of Georgia and
Emory University.

Finally, a few states are permitting their public institthions to
create structures, that encourage public-private cooperation. In
1984, Connecticut authorized the University of Connecticut to
establish a Health Sciences Research and Development Corpora-
tion which would in turn own a controlling interest in a series of
research and development limited partnerships. Although imple-
mentation is just under way, this model promises to provide a
vehicle that encourages private sector participation in R&D
activities without the burdens imposed by direct state control.

Tax Benefits

States also support research and research equipment indirectly
through tax benefits. In 34 states whose tax codes_follow the
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federal Internal R#4venue Code, tax benefits are available as
specified in the' Economic Recovery Tax Act' of 1981 (see Chapter
5 for detailed discussion). These benefits cover contributions of
research equipment to colleges and universities as well as spend-
ing oitreSearcn. In four other states, the tax codes include
eon:I-parable provisions but with certain variations. In addition,
seven states have adopted tax credits designed to foster research
and contributions to educational institutions.

CONTROLS ON DEBT FINANCING

RiSing costs have led to steady growth in the universities' use
of debt final cing and_leasing to acquire research equipment (see
Chapter 4 for detailed discussion). State controls, however, have
generally limited public universities' use of these financial ve-
hicles.

Few state universities may directly incur debt except where
the debt-financed facility or equipment will generate its own
definable revenue stream. Even in such cases, debt financing is
usually limited to capital construction. General obligation bonds
and other forms of state debt commonly issued to finanCe build-
ings, highways, and other permanent improvements remain
unavailable for most equipment needs (Appendix F), although
research instruments may cost nearly as much and sometimes
even more than permanent structures. The distinction is based on
presumed useful life: financing equipment with a useful life of
perhaps 5 years by means of state debt that will be carried for 30
years has traditionally been considered imprudent.

An exception here is that most states permit the financing of
new or substantially renovated) buildings to include the cost of
equipping them. Equipment has generally been taken to include
the instrumentation (fixed or movable) required in laboratories or
other research facilities in the new or renovated building. This
approach helps the university by permitting substantial equipment
costs to be financed on a capital basis. On the other hand, it
creates the impression that the initial instrumentation and the
surrounding building will have similar long-term useful lives.
State legislators and budget directors usually will accept the need
to replace the instruments before the building, but not the need to
replace them in only a few years. ThuS, the inclusion of initial
equipment with bUildirigs in long-term capital financing can
create reluctance to replace the equipment in a timely fashion.

New:construction alone cannot meet the need for research
equipment in academe. ht most state universities, however,
equipment that is not included in new construction cannot be
financed through the capital route, but must be paid for out of
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regular appropriations. This requirement, in effect, pits needs for
equipment against needs for faculty and other claims on operating
funds.

Exceptions to Current Funds Only

The current-funds-only rule is not universal. To buy equip-
ment that is expected to.generate revenue, for example, nearly
all stater allow issuance of revenue bonds that do not constitute
state debt. Inteeestand principal are paid from the earnings
produced by the equipment. This vehicle harbors risk, however.
If the revenue stream proves inadequate, the institution or the
state or both may be forced to service the debt out of gent--.ral
funds, risk default, lose the equipment, or suffer other harm.

Another way to capitalize equipment, including research
instrumentation, is pooled debt financing, where the state does
not incur a general obligation. Although public as well as private
institutions teChnidally have access to pooled equipment funds,
private universities have used this alternative the most. The
explanation see_ris to lie in the schools' budgeting processes and
the vagaries of state law. Private universities, at least in theory,
have relatively unrestricted use of their funds and can shift them
as needed to-take part in pooled equipment financing. State
universities, on the other hand, often are constrained by line-item
or object-category budgets that lack the necessary flexibility.
Some state universities have solved this problem by classifying
outlays for pooled equipment funds as leases and within their
power to arrange. As will be seen, however, restrictions on
multiyear contracts can limit the utility of this approach.

Another exception to the current-funds-only practice is tele-
communications and data processing systems. A number of states
have set up debt financing programs to allow their agencies
including public universities, to acquire equipment of both kinds
(see also Controls on Purchasing section below). This has been a
particularly attractive area far joint ventures, as in the case of a
te,Chribiogically advanced teleport under development by Ohio
State UniVersity with a consortium of private interests. The tele-
port is a telecommunications center that has a combination of
several satellite-earth terminals, a switching center, and a data
processing center and it used as a regional focal point for the
reception and transmission of data for a number of. users. In this
case, the.state has stepped aside to allow for the creation of a
high -cost facility that would ordinarilyhe,outside of the existing
public resource ba*e.

Private as well as public universities have benefited from
state-authoriied debt financing. Most states now permit private
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institutions to participate in_tax-exempt bond issues that impose
no general financial obligation on the state. Many state legisla-
tikeS have established financing authorities for higher education
facilitieS that are empowered to issue bonds to finance capital
prOjeCts at private universities. In a growing number of states the
proceeds may be used to buy equipment not part of a construction
project. California is the primary example of a state that has
aggressively promoted pooled issues, the proceeds of which could
be used for equipment as well as facilities.

Financing research equipment through debt that is not a gen-
eral obligation of the state is an important development as more
and more states find themselves at or near the statutory or
constitutional limit on the money they may owe.

Leasing

Leasing equipment to spread its cost has become common
among research universities. Public universities in many states,
however, fade statutory limits on the duration of contracts,
including leases. Such limits, often based on the, appropriations
period (usually one or two years), restrict the schools' ability to
arrange advantageous leases. Even where a long-term lease can
be negotiated, it must by law be cancelable annually or biennially,
whiCh increases the risk to the lessor and, therefore, the cost to
the lessee. Current exceptions that allow multiyear leases are
commonly limited to real property or special categories of fixed
equipment, particularly telecommunications.

CONTROLS ON PURCHASING

State controls on purchasing and procurement significantly
constrain the acquisition of research equipment. Nearly every
state requires its public universities to conform to at least some
of the standards and procedures for buying equipment that apply
to all state agencies. Such requirements include publication of
speCifications, approved bidder lists, competitive-procurement,
and the award of'contracts to the lowest responsive bidder. Con-
trOls on purchasingend procurement usually apply with equal
force whether the is bought with current funds or
through capital financing.

State controls are frequently more restrictive than federal
regulatiOn§. They may, for example, require orders to be pro-
cessed and approved through a statewide purchasing agency, a
procedure that often delays acquisition and isolates investigators
from discretionary judgments that are essential to the purchasing
proCeSs.

524
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State purchasing requirements tend to betlesigned to deal with
the acquisition of routine and general-purpose goods: automobile
tires, cleaning supplies, and the like. Although often not drafted
with the requirements of sophitticated scientific research instru-
mentation in mind, they often subtuMe those acquisitions as well.
This problem becomes particularly severe "because procurements
aretlefitied in generic .terms in the case of manyltems required
in the:functioning,.of!stnte government, siich a process is both
reasonable and indeed an efficient, way-to control expenditures.
With ttate-sd-the-art scientific:apparatus, however, the brand-to-
brand difference maybe far from Insignificant. Purchasing
officers are primarily interested in saving money, whereas the
scientist's-Main goal Is to perform research. The scientist looks
for characteristics that might indicate that one product is -supe-
rior to another; difficillty can arise when university or state pur-
chasing officers are not persuaded of, or do,tiot understand, these
subtle differences'in instruments or other equipment. Addition-
ally, purchasing officerssometimes do not understand thelime
constraints on scientific experiments. When purchasing officials
fail to see that buying scientific instruments or their components
is different from buying tires and batteries, misunderstandings
and a degree of conflict are.inevitable. Such problems are not
confined-to state colleges and universities, but they are less
common in. private institutions.

Competitive bidding on scientific equipment may result in
substantial discounts or the inclusion of additional features, spare
parts, or expendable supplies, which is good for both the univer-
sity and'the sponsor of the research. But while the Office of
Management and Budget Circular A-110 and the Federal Acquisi-
tion Regulation,reqUire competitive procurement where prac-
ticable, state'law almost without exception mandates competitive
procurement by public universities. In some states, the procure-
ment procedures apply with full force to put chases by state uni-
versities even with nonstate funds.

Sorrie states permit exceptions' to normal procurement stan-
dards. Competitive procurement may no'7 be re:.,uired, for
example, below a specified dollar value and where the item is
available from only one source.or is needed in an emergency.
Often, however, the threshold is so low ($100 in some states) that
little scientific equipment falls below it. One puhl:c university
must ask for bids on all equipment costing more than $700, even
when only one vendor can meet :the specifications. While a
sole-source exemption is useful in principle, its value often is
lithitedsguerely by narrow definitions of the kinds of acquisitions
and-the circumstances of tlieir proCurement that trigger such
treatment. The 'investigator's view that one of several prissible
suppliers offers the best or most suitable device, for example, is
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rarely enough to invoke the exemption. The adequacy of the alter-
natives is usually determinedby state purchasing authorities far
from the scene and with little or no scientific background.

Exceptions based on.emergency need are likewise of limited
utility. State rules tend to define emergencies in terms of
protecting_health'and safety and public property. Thus,,a con -
tract' -to replacea.storm-damaged roof may be let promptly and
noncompetitively.,lauta request to acquire equipment noncompeti-
tivelY-to meet a research deadline is likely to be rebuffed. Strict
application of state; puchasing, controls in this manner is particu-
larly troublesome: opportunities for sponsored research often
come on relatively short notice, and the ability to pursue the work
on atimely basis may be critical to, obtaining the grant or
contract. r, --

State equivalents of "domestic content" laws also can present
problems. These laws give in-state vendors preference in the
award of contracts for equipment and services. Although a grow-
ing number of states exclude scientific equipment from home-
state preference rules, the exceptions generally remain narrow or
depend on approval by state purchasing officials.

Public universities have sought to ease the negative effects of
state purchasing controls in several ways. One is the use of a
university-controlled foundation as a conduit for acquiring
research equipment with nonstate funds. In a number of states,
however, the ability, of such entities to operate outside the
framework of state control has been challenged. Some states
haVe ,subjected university foundations to the same purchasing and
procurement rules that apply to the universities, particularly
where the foundation is viewed as quasi-public. University foun-
dations not created. by statute are less likely to be subject to
state control, but some jurisdictions have sought to require even
these .foundations to adhere to state procurement policies. There
are indications that this policy, is changing, as more and more
states recognize the competitive.advantages of allowing their
public institutions to createnonpublic subsidiaries to conduct and
reap the benefits of scientific-research.

State, procurement requirements may even extend to private
universities that-rely on funds from state-sponsored bond issues or
debt, direct grants, or contracts. In such cases, the acquisition of
equipment and services generally must conform to the state pur7
chasing act, although some states follow the federal example of
requiringseneral adherence to the principles of the procurement
rules, but not necessarily -0 every detail.

States frequently apply particularly strict purchasing controls
to data processingsand telecommunications systems. These spe-
cial controls werelimposed after many ,state-agencies invested
consider able sums in systems that turned out to be incompatible
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or reclUndant. Theirhposition of uniform standards and selection
criteria has-been reasonably successful but is not always suited to
computer °and teleCommuniCations systems for use in academic
research., In consequence, a number of states have exempted such
equipment from speCial restrictions, and many allow waivers of
uniformiWstandards:

CONTROLS ON USE OF EQUIPMENT

Public universities are commonly governed by "public pur-
poses" language in the state constitution or statutes that limit
their freedoM to enter agreements with for-profit entities. In
terms of the acquisition and use off research equipment, such
restrictions place the public university at a disadvantage relative
to private universities.

ThiS issue raises,several complex queStions. First, the very
concept of public purpose versus-private use is not-uniformly
defined: In some states the determining factor is the nature of
the use; in others it is the identity of the user. Sponsored
research-is generally viewed as a public purpose. Where the
sponsor makes separate use of the equipment, however, or obtains
unique rights to results obtained with it, it has been asked
whether a private purpose has not Overtaken the public one.
Questi ',ns about private use raise anticompetitive issues as well,
()Wing to the -theory that use of state-funded property and equip-
ment for private purposes give. the user an unfair advantage over
private competitors.

As a result of these constitutional and statutory limitations,
some public universities have turned to the creation of structural,
appendages that are tecLaically nonpublic and may even be profit
making, Several states are actively encouraging this approach 'in
recognition of the need'to free their institutions from the con-
straints imposed on other public agencies, so that they can com-
pete more effectively in the high-technology marketplace. The
creation of the separate University of Connecticut Health
Sciences Research and Development Corporation was applauded
by the state as a means of strengthening the competitive position
of the university. Like the university foundations, however,
these appendages are not immune to the risk of encouraging the
state to assert jurisdiction over them.

FINANCIAL FLEXIBILITY

While state controls on financing, purchasing, and using
research equipment are important concerns, many public colleges
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and universities find that their ability to, acquire and manage
equipment depends additionally on the degree of financial flexi-
bility granted them under state law:and regulations. State uni-
versities,..for example, may have difficulty transferring funds
between budget categories (e.g., personnel, capital, operations) to
take advantage of opportunities such as particIpatiort in,pooled
equipment funds. They may be unable to carry over unexpended
.filnds from one budget period to the next. Many state universities
are not permitted to pay matching,Costs for equipment from tui-
tion income or patient fees and so draw on gift funds or advance
unrestricted funds.,

Financial.Control Practices

Financial control practices have been assessed3 in terms of
institutional autonomy and groupedinto two models: the state
agency. model, and the corporate/free market model.

Key features of the state agency model are as follows:

All lunds (from federal and private sources as well as the
state) flow; through the state treasury and must be reappropriated
by the legislature.

All procurements are subject to standardized requirements
and centralized 'processing.

Detailed spending requests focus on objects of expenditure.
Deviations from budgets must be approved in advance and
reported.

, Unexpended funds are returned to the state treasury.
Changes with long-term fiscal,impact are monitored.
Purchasing, construction, and other costs of operations flow

through the state government.
Oversight is focused on process (adherence to regulations) as

opposed to product (quality of research and education).

Other features may include state control of indirect cost
recoveries from the federal government and restrictions on the
disposition of state-owned'surplus property. Indirect costs are
commonly collected by the state and reallocated to the schools to
a degree that varies by state. In many state universities, equip-
ment purchased with federal funds becomes state property after
title has beer. given to the university and is then subject to all of
the arcane regulations for state property.

Key features of the corporate/free market model are as
follows?.
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Institutions,have,complete control of funds, whatever the
sourCe,:including.indirectcost recoveries.

, State appropriations.are madeiin block form, and the
institution has unbridled authority to contract for goods and
services'from outside sources,

Oyer Sight-is focused on product as opposed to process.
Auxiliary, organizations Sand support activities are not

subjected to state, controls.

krecerit.study,4 examined' t he financial flexibility of 88
Ph.D';-granting,PUblia,univerifties in 49 states in terms of the
charaCteriStiCS,..0 theSe models., The results showed no differ-
enCes'in administrative costs, salaries, or complexity that cor-
relatekVith thedeFee Ofstate oversight. Differences were

. .
assoCiated.athercWith the size of the university,, the presence of

MetfiCal/hOspitat'ComPieX, graduate enrollment, unionization,a'
andleYei. of Stafelundihg.

.More: importantly,; public. universities with greater degrees of
:autonomy tend to depend less on state appropriations and .to raise
more of their Support from sources, federal and private.
'This finding suggests that relief from state regulations frees
faculty and administrators to turn their attention to more pro-
ductiVe. work, including development and sponsored research
.activities, investment strategieS, and long-range financial
planning Aostered by biennial budgets and retention of unexpended
balances). Improvements in these areas can directly benefit the
capacity of public universities to acquire and manage scientific
equipment.

Deregulatiori in Kentucky

The state. of Kentucky deregulated its institutions of higher
education in 1982, with significant benefits.6 Kentucky had been
a "strong governor" state with centralized.accounting and
procurement for all of higher education. The state commissioned
an independent study that concluded in part that state regulation
was a significant barrier to effective management of the schools
because:of ,frequent duplication of .procedures. The study led to
thePassage of the Universities Management Bill (H.B. 622). The
bill afforded changes in regulation of, purchasing, capital construc-
tion, aCCounting and auditing, payroll, and affiliated corporations
and foundations. Each schoOl,was given the option of implement-
ing any or all of the;proyisiOns of H.B. 622.

The primary effect of the bill was decentralization of the
administration of higher,education, enabling the schools to man-
age their n\:yn affairs. The move has produced significant savings

1, ;:r.e.) '529
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for both,the universities and the state by eliminating duplication
and freeing administrators for more-productive work.

The University of Kentucky, for example, estimates that it
willsave 3500;000per "Year-by handling the-purchasing function
itself; $90,000' of- the savings comes simply from being able to
avoid the state stores' .9 percent markup. By assuming the respon-
sibility construction, the university sharply reduced
the time required to appoint architects and award contracts; it
awarded $7; milliOn in contracts between :Ally 15, 1982, and March
1983 with an eitimated saving 01445,000 resulting from the
streamlined procedures. SmallerPublic institutions that do not
have stiffidient administrative staff and'resources exploit the
provisions'ofH.B. 622.on 'their -own are fortning consortia to do so.

Failure of'sChools-to comply with the-provisions ofthe act
onceAhey elect to follow, it, or lack Of-CooPera'tion among schools,
could jeopardize.the chariges-brought" by H.B. 64 During the
first two years under the act, however, theresUlts were very
favorable. Depending anlocal tircumStancesthe number and
size of-public colleges and universities and the 'degree of cen-
tralization-=deregulation as practiced in Kentudky could be
beneficial in other states.

RECOMMENDATIONS

The conflict in the roles played by state governments vis-a-vis
academic research equipment is inherent to a degree in the rela-
tionship `letween the states and their public colleges and univer-
....hies, Nevertheless, we believe that in many cases the states
could combine their broad roles as funder and regulator mot e
.atioc.ally and coLld otherwise help to ease the schools' serious
problems with research equipment.

We rn.commend...

1. That stats assessthe adequacy of their direct support for
scientific erripment in their public and private universities and
colleges relative to support from other soaces and the stature of
their schools in the sciences and engineering. The states cannot
displace the federal.governinent.as'the major fur:der of academic
research equipment, but judicious increases, on a highly selective
basis, could'be extremel, aneficial Lo the scientific stature of
states while simUltarieously increasing the effectiveness of funds
available from federal an&industriatiources.

2, That states grant theirpublit universities and colleges
reater flexibility inhandlinglunds. ,Desirible,provisions would
permit `schools:to transfer fundS among budget categories, for
example, andlo Carry funds' forward frolii one fiscal-period to the

47;
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next. Greater flexibility would not only improve the universities'
ability to deal with the problems of.research equipment, it would
also belikely to provide direct savings in purchasing and would
free academic administrators to discharge their responsibilities
.more.efficiently.

3. That states examine the use of their. taxing powers to
foster academic:research and modernization of research equip-
ment. Tax benefits-available under the federal Internal Revenue
Code are also available in 34 states whose tax codes automati-
cally follow the federal code. Relatively few States, however,
have adopted tax benefits designed to fit their particular circum-
stances. .

4. That states revise their controls on procurement to recog-
nize the unusual' nature of scientific equipment and its importance
to the research capability of universities. Scientific equipment
often is highly specialized. Instruments that have the same gen-
eral specifications but are made by different vendors, for example,
may have significantly different capabilities. The differences,
furthermore, may be discernible only by experts in the use of the
equipthent. Desirable revisions in state controls would exempt
research equipment from purchasing requirements designed for
generic equipment and supplies, such as batteries and cleaning
materials; would vest purchasing authority for research equipment
in individual colleges and universities; and would not apply rules
beyond those already mandated by the federdl government.

5. That states consider revising their controls on debt financ-
ing of scientific equipment at public colleges and universities to
permit debt financing of equipment not part of construction
projects, recognize the relatively short useful life of scientific
instruments, and relieve the one- and two-year limits on the
duration of leases.
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The Universities' Role in the Acquisition
and Management of Research Equipment

INTRODUCTION

The universities' involvement with scientific equipment entails
many activities in addition to the conduct of research. Broadly,
universities provide the administrative and physical infrastructure
needed to support research that warrants the acquisition of instru-
ments and other equipment. More specifically, in varying degree,
the universities provide money for equipment from their own
resources, from gifts they solicit, and from various forms of debt
financing; handle the purchasing process; pay part or all of the
costs of operation and repair; maintain inventories; help to
optimize the sharing of equipment; and handle disposal of
equipment no longer useful or needed.

The universities' approach to these functions is conditioned by
characteristics unique to themselves. Usually they perceive that
their primary duty is to personnelstudents and the faculty
needed to teach them. Also, authority in U.S. universities is
highly decentralized to foster the freedom of inquiry deemed
essential to first-rate research and teaching. The majority of
support for academic research and the associated equipment is
obtained through competitive proposals prepared by individual
faculty members or small. teams of investigators. Systematic
programs planned well in advance are the exception, not the rule.
Much of this support comes from federal agencies, so universities
must use and account for equipment in accordance with federal
regulations. State universities in addition must comply with state
regulations.

These and other characteristics of universities and their
research call for procedures in acquiring and managing scientific
equipment that generally differ from practice in industry and
government. In this chapter we assess academic practice, identify
opportunities for improvement, and consider industrial and
governmental procedures that might be relevant to academe.
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ACQUISITION OF RESEARCH EQUIPMENT

Sources of Funds

Funds for academic research equipment come from the federal
government, from the universities themselves, from state goiern-
ments, and from business and other private sources (state funds
are rarely available to private universities). The contributions of
each are indicated by the NSF National Survey of Academic
Research Instruments, which covers major instrumentation syi-
terns in use in 1982-1983.* The data show that federal agencies
funded 54 percent of the cost of acquiring these systems, univer-
sities 32 percent, state governments 5 percent, business 4 percent,
and other sources 5 percent (Table 3, Chapter 2). Other NSF data
show that nearly two-thirds (63 percent) of .expenditures for aca-
demic research equipment in 1983 was funded by federal agencies
(Appendix B).

Funds supplied by universities may involve some form of debt
financing, which is covered in Chapter 4. Also, the Economic
Recovery Tax Act of 1981 permits companies to take special tax
deductions for scientific equipment they donate to universities;
Chapter 5 includes guidelines for universities that wish to develop
a strategy for obtaining such donations.

Competitive Proposals

Private and public universities alike rely principa4 on com-
petitive pr.4osals, subject to some form of peer review, to obtain
funds for research equipment. The decision to compete for funds
is made by the scientist who wishes to do the research, and the
outcome of competition for federal funds cannot usually be pre-
dicted with confidence. A matching contribution toward equip-
ment may be expected from the university (see later discussion),
but usually it is insufficient without additional resources from a
grant, contract, or gift.

If the equipment costs more than can reasonably be expected
in a normal research-grant budget, scientists usually seek supple-
mental funds from the department, college, or university, from
other funding agencies, and from colleagues who have grant money
available and need access tt, the equipment.

*Systems in use in these years may have been purchased in earlier
years.
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Scientists with common interests join forces voluntarily to
seek fundS,for equipment at most of the univers-les.we studied.
Such cooperative efforts may involve faculty in -ifferent depart-
ments and eyen in neighboring universities. Funding agencies sup-
port these joint efforts because of the quality, of the collaborating
faculty; further, each collaborator has apparatus and techniques
that augment the shared equipment. This mode of operation is
cominonl.foriexample,at-the Materials Research Laboratories
.itipported,by.,itie National' Science Foundation.

.Several- scientists with common interests and needs may be
able to obtain:Support for shared instrument facilities outside the
'normal single-investigator research-grant process. NSF,
-DOD, and DOE all have instrumentation programs that encourage
or require sharing by several qualified scientists. These programs
often encourage or mandate7a university contribution to the cost
of the equipment (see Chapter'!).

'The normal goal of a competitive instrument-acquisition effort
to win sufficient fundsto buy the basic instrument after univer-

sity contributions and vendor diScounts have been exercised to the
limit. Desirable features missing from the basic instrument are
acquired thrOughlunding efforts it subsequent years. Often, how-
ever, buying the complete package is much more economical than
having components installed later in the field. If the saving is
obvious, the federal agency and the university may supplement
their funding awards to'achieve the overall economy.

We found that scientists recognize these efforts to win grant
funds, pool resources with colleagues, and convince department
heads and deans of the value of a university contribution as normal
and necessary procedures for obtaining research equipment.

Start-Up Costs

The competitive grant system does not provide funds for
equipment that must be acquired for newly hired faculty mem-
bers. Most universities we contacted bear some such start-up
costs, and these costs for laboratory scientists can require major
financial commitments by universities. They may consume
reserves equal to the endowment needed to support a faculty
salary permanently. Several universities queried estimated
instrumentation start-up costs at $25,000 to $250,000, depending
on the faculty member's discipline and academic level. Even
higher costs may be entailed by hiring faculty already established
as outstanding investigators. A major eastern university we
visited incurred initial costs of about $2 million when it hired an
established professor of chemistry.
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'High initial costs of equipment have discouraged universities
from entering certain research areas, such as work involving
synchrotron radiation, whichs now available only at national
:shared ',Universities also have hesitated to enter fields
where'ecjiiippierit is costly to obtain for One investigator and is
not readily shared bedause of problems such as contamination in
some:kinds.Of analytkal chemical apparatus.

A4pedific example of the exclusion-of universities from
research by-high start -up costs is molecular bearh epitaxy (MBE),
a means-otgrowirig new types of Materials that can be controlled
at: the atomic - scale. MBE is producing exciting new physics (e.g.,
theefractionalltiantuni Hall-effect) and proMises to produce new
-types of semiconductor deVideS-and-very high Speed transistors. A
number of Industriallaborateries are working with MBE, but the
Costa the equipment--up 'to $1' Millionhas barred all but a few
universities from research in this field.

Raising start-up funds typically involves departmental, college,
and,:uiliversityWide administrators. Funds are drawn from operat-
ing budgets and augmented by endowments, gifts, and flexible
resources such as the NIH Biomedical Research Support Grant.
The American Chemical Society's Petroleum Research Fund, the
Sloari,Foundation, EXXON's Centennial Engineering Education
Program, Atlantic Richfield's Aid to Education Grants, and the
recent NSF-Presidential Young Investigator awards help cover
start-up costs in certain fields. The NIH Research Career
Development Award covers salary and thus helps with initial
costs, since salary, as well as the costs of laboratory facilities,
usually is the responsibility of the-university.

Methods of allocating funds,for faculty start -ups will vary
with the organization of the university, but faculty involvement
can help by supplying an understanding of the special needs of the
research community. At a midwestern university we visited, the
task is handled by a board of eight senior faculty members. The
board.allocates about $2.5 million per year to faculty in research
support. (The university spent $96 million for separately budgeted
R&D in 1982.) A significant portion of this amount is used to
acquire equipment, and departments may apply to the board for
start-up funding for new faculty.

Matching Funds

Federal agencies that award funds for research equipment may
expect or require the university to make a matching contribution
toward the total cost (see Chapter 1). Such matching is distinct
from the cost-sharing arrangements in which universities pay part
of the operating costs of a research project. Matching funds play
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a supporting rather than a leadership role in decisions to compete
for grants, since the university makes the award only if the
scientist wins the competition..

Manystate universities are not permitted to pay matching
costs` from instructional monies. Instead, they draw on gift ftinds
or, advance unrestricted funds. Gift funds are used also to pay
start_tupcoSts for nevifaCUlty, and private donors may be willing
to giVe inatching:funds;because of their added leverage.

`Seitera.1 universities told us they had raised matching. funds
.froth,donot's and,PhilanihropiC trusts. The added leverage and the
appeal otOofne current technology help-scientific equipment to
compete with Other would -be beneficiaries, such as athletiC
,programs and hospitals. Several,uniVersities,also cited the ef-
ficaCy of fund drives for SPecific items of research equipment.

Decisions on providing matching funds are made differently
among universities. At some small universities that have little
flexibility in,,depa ental or college operating budgets, the chief
executiVeofficer decisiont on matching (as well as start-up
funding). In other cases, the deans make such decisions and often
delegate budget planning to the departments:so the decisions
reflect departmental priorities. At some universities, a faculty
committee alloates the available funds.

Attitudes toward matching also vary. Some universities vol-
untarily offer matching on all major instrument proposals in the
hope that it will improve their competitive stance. Other univer-
sities pursue more conservative practice by matching only when it
is a condition of receiving an award. We encountered some in-
stances where matching funds were so scarce that faculty did not
seek grants known to have a mandatory matching requirement.

From the faculty perspective, the major reason for an institu-
tion.to provide matching funds is to acquire the equipment and
pursue the_research described.in the proposal. Faculty also per-
ceive that.financial endorsement by the university may make a
proposal more competitive. As implied above, however, some
universities would rather use discretionary funds in other ways,
AlSo, t...liversities often are not certain that matching funds are
necessary to obtain the grant; they see a need for greater clarity
in agencies' statements of their matching requirements.

Multiyear Payment

When the outright cost of a piece of equipment is more than
the funding agency can accommodate in one year, an investigatcr
may request an advance against, the university's future-year
capital fund's. We encountered.a few instances where the sponsor-
ing agency had approved a proposal to buy an instrument with
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funds advanced by the university and recovered by charging annual
installments to the grant as direct costs. The interest foregone is.
not recoverable by the university as a direct or indirect cost.
While the agendy may agree to the principle of the plan, it does
not guarantee future-year funding. Thu's-the university, subsidizes
the purchase and assumes significant risk. The burden of negoti-.
ation isalssosi!hstantial for everyone involved; and the Method is
net widely used..

AriOther way to obtain equipMent before the full. purchase
price is in tiand'is to combine funds from two successive years.
With firit-year funds secured and second -year funds promised, the
university may be able to deal with -endors So that payment can
be Spread'over several years without finance charges. We found
that scientistS., at some universities make such arrangements with-
out'help from University officials. Faculty members said they
would like-to be abieo do so more formally by,putting half the
Cost of a piece of equipment in-each of two years of a, proposal..
We are not aware of prohibitionS against combining funds from
successive grants, but the, perception is that agency officials are
not sympathetic to such arrangerhents.

When vendor and scientist enjoy mutual trust and confidence,
some vendors have agreed to multiple-year payment plans without
formal leasing and without interest charges. This practice is
costly to the vendor, but it may help to consummate a sale.

Leasing

Leasing is a standard way to spread payment for equipment
over several years. We found, however, that principal investiga-
tors prefer to find ways of obtaining apparatus without resorting
to leasing because the ensuing costs reduce flexibility in future
years of research by obligating grant funds to cover lease costs.
Carrying charges are high (typiCally above prime rate), and the
vendor is less aggressive in discounting if a lease must be ar-
ranged. Further, leasing, like other kinds of debt financing, is
practical only when income is available to meet the payment (see
Chapter 4). Although universities commonly lease equipment such
as copying machines and computers, they lease only a very small
fraction Of research instruments.

Lease-payments, in contrast to equipment purchases, are
normaliy,charge,d with indirect costs. This further increases the
costs-Of leasing: to aWdrcts,,relative io,direat purchase, by a
perCentageequal,to the indireCt cost rate. Some universities,
hoviever,`have dealt with this prOblernby not charging indirect
costs on leasedig(nment. ExCluding such payments from the
indirectcost basepg uireS negotiations with the auditors.
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Many states forbid multiyear leases unless a nonstate source
provides the payments; some state schools have created foun-
dations designed to overcome this_and other regulatory barriers.
At Georgia Tech,* examPle,,multiyear leases are handled by
the geOrgia Tech Research Corporation (GTRC),A private,
nottfOr4Trofit entity. 'All.external research funds at Georgia
Tech, except funds provided by law, are awarded. to GTRC, which
asoretains part of theindirect cost funds generated in research
projects. GTRC in part buys and leases equipment and provides it
to'individual. research programs. This procedure permits Tech to
get research equipment into the laboratory of the individual
fadulty investigator more quickly, to return obsolete equipment
and, eplace it by newer modeli, and to spread equipment costs
over, multiple yeara.

We cite two other examples of leasing that we encountered.
One involved a 500 MHz nuclear magnetic resonance (NMR) spec-
trdmeter acquired through a lease with an option to purchase
because the funding agency would provide only $138,000 per year
toward the acquiaition of the equipment (an NMR of this kind
tyPically, costs about $750,000 fully equipped). The second
example was a similar experience in the acquisition of a mass
srieCtrOmeter and an NMR spectrometer.

The corporate laboratories we visited preferred purchasing
over leasing beCause businesses receive tax benefits from research
investments and from depreciation allowances on purchased
equipment. They did 'lease some research equipment, such as
NMR and mass spectrometers and com;uter equipment when it
was being evaluated for long-term use.

One national laboratory indicated that lease to ownership is an
accepted approach when capital funds are unavailable. The pri-
mary consideration in selecting the financing method is the inter-
eat charge. Another national laboratory did a lease versus pur7f
chase analysis for a computt.r. With direct purchase defined as
1.0, the other cost ratios were as follows: lease 2.01, lease with
'option to purchase 1.18, third-party lease to ownership 1.17, and
lease from vendor to ownership 1.40. Such analyses are valuable
and are done by many universities when they are considering
leasing equipment.

The Purchasing Process

Universitiee purchasing, procedures should help scientists
obtain reliable, quality equipment in a timely and economical
manner. For purchasing procedures to work most effectively,
pure' asing agents and research faculty must understand each
others' needs. Misunderstanding can lead to delays in acquiring
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equipment, which can result in higher prices and can also severely
,hamper research.

When buying federally funded equipment, universities must
cornplyyith federal, cquisition policies prescribed particularly by
OMB Circular A-110, Attachment 0 for grants, and the Federal
Acquisition Regulation for contracts (see Chapter 1). State uni,.
versifies additionally must comply with state purchasing regula-
tionS (see Chapter 2). State regulations often are more restrictive
than the federalTegulatiOns, and private universities generally
enjoy substantially greater flexibility than public universities in
purchasing scientific equipment.

PUrchasing agents can be extremely helpful in the acquisition
process. Creative and aggressive purchasing agents can negotiate
volume uiscounts and payment alternatives that provide substan-
tial savings on grants and contracts. We were told of universities
that have purchasing agents knowledgeable and concerned about
the issues involved in acquiring scientific equipment. Many fac-
ulty members at other schools, howeVer, indicated that uninformed
purchasing agents are a significant problem. The North Carolina
Board of Science and Technology recommended in December 1983
that the state purchasing organization arrange continuing educa-
tion programs for state purchasing agents who handle scientific
equipment and assign an existing purchasing agent to specialize in
scientific equipment the board recommended also that public
institutions make a speCial effort to educate faculty in purchasing
procedures for equipment.

MANAGEMENT OF RESEARCH EQUIPMENT

We examined academic management practice in budgeting and
planning for research equipment as well as in operation and main-
tenance, inventory systems, and replacement and disposition. The
nature of universitiestheir decentralized organization and unique
system of shared gc -ernancedoubtless impedes orderly manage-
ment in the corporate style. Still, we observed that some prac-
tices on campus clearly ease problems with equipment more effec-
tively than others, so greater attention to management would
seem to be in order. Our findings indicate that universities would
benefit from stronger efforts to improve their internal communi-
cations. Public universities are obliged by state regulations to
deal with equipment-management matters that do not normally
concern private universities; these Ldditional complications are
covered in Chapter 2.



Budgeting and Planning

Budgeting and,planning,in industry and in universities differ
significantly. In industry, budgeting and planning often start sev-
eral months (or years) before the year in which expenditures are
to be madevindustrial laboratories have reasonable control of
funding, planning, -and scheduling, subject only to corporate strate-
gies and decisions. 'Universities are differently situated. Although
they routinely,plan instructional:programs in advance of the
academic, year and capital building programs several years in
advance, most of their equipment is funded from com-
petitive grants and so is not readily amenable to planning. While
the competition is deemed necessary to assure that the best
research is supported, barriers to planning are,inherent in the
system of competitive proposals.

Usually the outcome of a grant proposal is not known until a
few weeks before the research is started. Some agencies, in fact,
are unable to meet grant renewal and award deadlines, and univer-
sities often,take risks;by-carrying minimum.costs to keep a re-
search team together while awaiting thefinal terms of an award.
The short term (seldom more than three years) of grants and
contracts also makes planning difficult. Further, the individual
researcher is always subject to congressional or agency decisions
on the continuation and level of funding of federal programs.
Investigators at several schools cited decisions by federal agen-
cies, as a result of congressional cuts, that required significant
changes in plans to acquire new equipment as well as in manage-
ment practices for existing equipment,

The larger block grants, such as NII-1 program project grants
and grants to NSF regional and oational facilities, offer more
opportunity for planning (see Chapter 1). The involvement of
more scientists with a common purpose, a strong incentive for
sharing, and longer term (five-year) awards all encourage plan-
ning. Several universities cited such core support grants as
particularly useful in providing stability, permitting some
mid-term planning,. and addressing the equipment problem in an
orderly fashion.

Universities appear to be increasing their attempts to formal-
ize equipment funding processes with faculty involvement in al-
location of university resources. Two universities told us of
internal capital funding and resource allocation boards that
attempt to identify specific.needs for capital equipment and plan
to meet them. No university, however, described a process as
long or as detailed as those in national- laboratories or in industry.

One industrial department head described a model designed to
calculate the costs of equipping a, typical engineer with capital
items. The model does not consider inflation or equipment
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upgrade, but does proviJe for replacing equipment after three
years; it calculated start-up cost at $145,000 to $160,000 per
engineer. The model was described as having several advantages:
it-eased the calculation of-equipment requirements; once ac-
cepted,,it madelfunding for capital equipment easier to obtain
from higher management; and it aided both morale,and produc-
tivity. We,found no university that.can exercise.similar control
over funding for research equipment. We. feel that most
universities, however, can better organize their procedures for
supplying matchitig,funds and establish clear criteria for
allocation of such funds.

Investment in People

Universities, if forced to choose, generally will use available
funds to retain faculty and graduate students in preference to
buying equipment. This attitude is'in keeping with the schools'
dual missioneducation and researchwhich emphasizes people
and requires the long view. To build, or to rebuild, a faculty takes
decades. Industrial laboratories tend to be more ready ,to lay off
personnel, despite the potential impact or their capabilities, and
will invest in automating research-equipment. Automation is not
as essential in universities, where graduate students change
samples over nights and weekends. Universities report risking
funds.to keep research teams together for a time between grants
in the hope that support for them will materialize; the funds so
invested are innriably for personnel, so equipment budgets may
be sacrificed to keep a team intact.

Operation and Maintenance of Research Equipment

Operation and maintenance of academic research equipment
are serious management issues at every university we visited.
Some universities do an excellent job of keeping research equip-
ment in good repair and have qualified staff to operate it when
appropriate; others leave much to be desired. All find the task a
strain on their resources.

The NSF instrument survey included a departmental/facility
assessment of instrumentation support services. Some 49 percent
said their services were inadequate or nonexistent, 39 percent
said they were adequate, while only 11 percent said they were
excellent (Figure 6).

Another survey, submitted to the National Science Board,
indicated that 72 percent of..the respondents relied primarily on
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FIGURE 6
Department/Facility Assessment of
.Instrumentation.Support Services
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departmental support services (computer and other electronic
repairs, glass shop, machine shopt mechanical shop, other general
repairs, etc.)? The usage of support services was higher in public
than in private universities.

Over the service life of equipment, total operating and main-
tenance costs will frequently exceed the purchase costs. One of
the NSF Materials Research Laboratories has found Over the years
that operation and maintenance of its central facilities cost about
1.5 times the amount it Spends in the'same year on new equipment.
NSF data on departments/facilities show that about 15 percent of
annual instrumentation-related expenditureS in 1982-1983 were
devoted to maintenance and repair (Table 5).

We encountered many cases where universities had to decline
gifts of research equipment because they could not afford to
operate it. One university, for example, declined a gift of
computer-aided design equipment becauie it would have cost
$170,000 per year to operate.

Recognition of Costs

Not all university administrators appreciate the high costs of
maintaining and operating research equipment, nor do they budget
for them. One state university, for example, received $10 million
over five years from the state government to purchase equipment
(not all was used for research equipment; some went for teaching
apparatus). Adequate funds for maintenance and operation were
not available in the university's budget, even when the equipment
was used for teaching, nor was the faculty attracting sufficient
grant money to meet these costs. In consequence, much of the
equipment is not regularly available for use.

Technical Support Staff

Technical support staff is an important issue. Many academic
departments traditionally have not used research technicians;
rather, the practice has been for graduate and postdoctoral
students to work with faculty repairing equipment, often at
considerable expenditure of time. While some of this activity is
educational, a great deal of it is not and distracts effort from
research. In any event, as research equipment becomes more
sophisticated, more permanent technical support people become
necessary. It can be difficult, however, to attract competent
support people to universities. They are usually less well paid
than in industry and do not find the same-attractions at a univer-
sity as the faculty do.(Small numbers of faculty frequently
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TABLE 5 Instrumentation-Related Expenditures in Academic Departments and Facilities in 1982-1983, by
Field (Dollars in Millions)

Total

Purchase of
Research
Equipment

$500 or more

Purchase of
Research-Related

Computer
Services

Maintenance/
Repair of
Research

Equipments

Total, Selected Fields $640.6 (100%) $414.5 (65%) $121.3 (19%) $104.3 (16%)
Agricultural Sci. 40.6 (100%) 28.4 (70%) 7.3 (18%) 5.0 (12%)Biological Sci., Total 192.3 (100%) 132.4 (69%) 27.8 (14%) 32.2 (17%)

Graduate Schools 79.0 (100%) 51.8 (66%) 13.2 (17%) 14.0 (18%)
Medical Schools 113.3 (100%) 80.5 (71%) 14.5 (13%) 18.3 (16%)Environmental Sci. 49.6 (100%) 33.4 (67%) 6.9 (14%) 9.3 (19%)Physical Sci. 151.3 (100%) 91.2 (60%) 31.9 (21%) 28.2 (19%)Engineering 146.6 (100%) 86.5 (59%) 41.3 (28%) 18.8 (13%)Computer Sci. 29.7 (100%) 19.7 (66%) 3.6 (12%) 6.4 (21%)Materials Sci. 12.4 (100%) 9.6 (77%) 0.6 (4%) 2.3 (18%)Interdisciplinary, not
elsewhere classified

17.8 (100%) 13.3 (75%) 1.9 (11%) 2.6 (14%)

..4.Estimates encompass expenditures for service contracts, field service, salaries of maintenance/repair
personnel, and other direct costs of supplies, equipment, and facilities for servicing of research instruments.

NOTE: Sum of percents may not equal 100 percent because of rounding.

SOURCE: National Science Foundation, National Survey of Academic Research Instruments and
Instrumentation Needs.
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allocate the cost of alechnician's salary zmong their grants, but
grant-or contract funds are often so uncertain as to bar long-term
career stability for technicians. The block funding and central-
Azed operations of the NSF Materials Research Laboratories are
an excellent solution to this problem for research that can be
funded in this mode.

User Charges

It is common practice to attempt to cover the salaries of
equipment-support personnel and the costs of operation and
maintenance through user charges. The amount of use is often
hard topredict, howevernew facilities -often require some time
to reach a full level of use--which makes it difficult to set appro-
priate rates. High user fees t,;nd to reduce the use of equipment
and can actually reduce total income to the facility and make it
available only to the best funded potential users. We heard fre-
quently that user fees considered optimal by the people running
the facility do not cover the costs of operation. We rarely found
that user fees paid the operating costs of shared, central-facility
research equipment. The NSF-supported Materials Research
Laboratories have much experience with this type of operation;
typically, they find it necessary to subsidize 20 to 30 percent of
the operating and maintenance costs of their central facilities
from core grants.

Regulatory Issues

A general difficulty with user charges is that what is true at
one institution is not necessarily true at another, although both
are operating under the same federal regulations. The problem
lies in the inconsistent and often conservative interpretation of
the regulations by both federal and academic officials (see
Chapter 1).

Specifically, we encountered a faculty member at one univer-
sity who had been able to charge his various research grants in
advance for access to research equipment, and so knew at the
beginning of the operating period that the full operating costs
would be covered. When a similar prepayment or subscription
plan for instrument use was tried at another university, the
federaLauditors would not allow it. Whether the difference was
due to a substantive difference of process (of which we are
unaware) or to the way the plan wa, explained to the auditors, we
were unable to ascertain.
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OMB Circular A-21 prohibits providing use of equipment to
anyone at lower cost than to government grants or contracts.
This prohibition often interferes with maximum use of equipment- -
it isnot possible, for example, to provide low cost or free use of
research equipment for instructional purposes while billing federal
grants and.contracts at a higher, rate (low rates can be charged
during.low,use periods, such as from midnight until 6 A.M., so
long as all users,are treateti equally). One university pointed out
a common solution to this problem for computing centers. Like
,every.other academic computer center we encountered, the one
at this school required a university subsidy to break even. The
university budgeted this subsidy as an allocation to users who
coLld not afford the full rates, rather than applying it to an
across-the-board reduction of rates.

Physical Infrastructure

The operation and maintenance of research equipment depend
on the physical infrastructure for research. The infrastructure
includes fume hoods, electrical supply and insulation, sound
isolation, air conditioning, numerous kinds of support equipment,
such as oscilloscopes, leak detectors, and machine tools (e.g.,
lathes and milling machines), service and maintenance facilities,
as well as the buildings that house research laboratories.

We saw many 1950s vintage oscilloscopes at universities and
relatively few modern ones; most of the machine tools in uni-
versities were acquired well over 20 years ago, often as surplus,
and are at the point of needing replacement. When funds are
scarce, federal agencies tend to support equipment that will be
used eirectly in the research they fund; the less glamorous items
are essential, but not as easy to find support fob . Federal agencies
once funded this kind of equipment but no longer support its inclu-
sion in project budgets. The universities might buy it and recover
a portion of the costs attributable to organized research through
the indirect cost pool, but universities are under intense pressure
to hold down indirect costs. Also, cost recovery takes 15 years at
the federal use allowance of 6 2/3 percent per year.

University Maintenance Facilities

None of the universities we visited had the service and
maintenance infrastructure found in most large government and
industrial laboratories. Many faculty expressed the desire for
some university facility to maintain research equipment, but we
found successful examples of such facilities to be rare. The one
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universitywide facility that seems to work well is Iowa State'',
REAP program (see discussion below under Optimization of Use).

We think there may be several reasons for this situation.
Where individual research giants pay most of the costs through
user charges, the uncertainty of income is a barrier. A university
is not typically .a geographically focused enterprise, so a central
maintenance facility may be practical at some institutions and
not at others. Also, the increasing complexity and specialization
of research equipment means that service people must be cor-
respondingly specialized. The result is a greater tendency to rely
on manufacturers' service representatives. This solution may be
best in large urban areas; in more isolated areas, faculty may
have to service the equipment themselves or rely on university
resources. University-subsidized facilities can relieve individual
faculty and departments of financial responsibility they may have
difficulty meeting.

J.
Service Contracts

Service contracts for most research equipment usually cost
about 10 percent of the purchase price per year. When equipment
is shared among a small number of faculty and research grants, it
is common practice to allocate the costs of a mainter-ince con-
t.;., act. We learned at some universities, however, that investiga-
tors could not afford service contracts on equipment and were
gambling that costly service would riot be needed. Some manufac-
turers will give discounts on service contracts if a university
issues a purchase order for servicing all its equipment on the
campus; we learned of discounts on the order of 20 percent.
Manufacturers also may give discounts for payment at the begin-
ning rather than the end of the service year; in one instance the
discount was 10 percent.

Inventory Systems

A reliable inventory of university-purchased research equip-
ment can be used to ensure proper recovery of indirect costs (see
Chapter 1). Many of the universities we studied had paid little
attention to inventory system.- most have just developed or arc
still developing such systems. Several academic administrators
reported'that their inventory system, were used to screen pur-
chase orders and avoid duplication, but it was not clear that this
application was useful. Only one university we visited, Iowa
State, routinely uses an inventory system to facilitate sharing of
equipment (see section below on Optimization of Use).
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National Laboratory Systems

The two national laboratories we queried have developed effec-
tive inventory systems that :ontain information on he,capabil-
ities and current state of repair of equipment. Data are entered
by, scientifically trained people. Staff scientists can call up the
inventories on their computer terminals, and they are useful in
promoting sharing of equipment. The labs also have used their
inventories to argue for the replacement of old equipment, and
managers felt this information was instrumental in persuading
Congress to fund the Department of Energy Utilities and Equip-
ment Restoration, Replacement, and Upgrade Program (see the
following section on Replacement and Disposition).

Replacement and Disposition of Research Equipmer t

R eplacement of research equipment with state-of-the-art
models, and disposition of worn or unneeded equipment, also are
significant management problems in universities. Replacement is
extremely costly: data from,the NSF instrument survey indicate
that equipment in use in 1982-1983 has a replacement cost today
that is about 50 percent greater than its original acquisition cost.
Further, inadequate disposition, procedures can hamper optimum
use of equipinent and entail costs that might be avoided.
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Universities, as-we have seen, do not plan their purchases of
research 'equipment in the same way that government or industry
does. They have no programs like the DOE Utilities and Equip-
mentRestoration, Replacement, and Upgrade Program, which-has
been funding; replacement of pogeand-inadequate equipment in
'defense4related national laborf....ories since 1982. Sandia, Los
Alamos, and Lawrence Livermore national laboratories, for
example, will receive about 1;434.9 million through this program,
which is projected to end in 1988. Many industrial laboratories
also replace scientific equipment systematically. For reasons of
obsOleicence and taxes, they,depreciate equipment on an accel-
erated basis and often replace itas soon as it has been fully
depreciated, even if it is still useful.

,Universities face difficulties in orderly replacement and
w3dernization of research equipment. Th'..y pay no taxes and so
gain no tax adVantages by-depreciating equipment. They can
collect-a use-allowance (6'2/3 percent per year), or depreciation
(ata-higher, negotiated rate) over the useful life of the equip-
ment, as an indirect cost of research under OMB Circular A-21,
but both faculty and funding agencies are exerting considerable
pressure to limit indirect costs. Depreciation or the more com-
mon use allowance, moreover, can be collected only for equipment
purchased with nonfederal funds and so plays no role in replacing
the majority of research equipment, which is purchased with fed-
eral.grantOr contract funds. Furthermore, DHHS auditors inter-
pret OMB Circular A-21 so that universities that convert from use
allOwande to depreciatiowpart way through the life of equipment
must then value it as if-they had used the same rate of deprecia-
tion, rather than the loweruse allowance, since acquiring the
equipment. This requirement imposes a significant financial
penalty for conversion (see Chapter 1).

Assessing user charges to amortize the replacement of equip-
ment is rarely practical, and recovery of pure ha.se costs is not
allowed for equipment bought with government funds. We found
no case _there equipment purchase costs were fully recovered
through user charges. One problem is that the necessary charges
may be higher than most grants can support. Recovery cf,pta-
chase costs is being attempted in one electron microscope facility
we know of, where the user charge will be 3/5 an hour when the
debt-service costs are included. Other electron microscopes on
the campus, which recover only operating and maintenance costs,
charge $35 an hour.

A further bar to systematic replacement and modernization is
that investigators' needs can change rapidly as new research
opportunities arise. Additionally, when faced with tight budgets,
investigators tend-to fund people and look for equipment in the
next review cycle.
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The situation issdifferent for centralized equipment with many
users and for service equipment irrthe university infrastructure
that needs to be kept up to date. When the task involves more
than the cooperative-effort of.a few investigators or a depart-
ment,thervsorneuniverSitywide plannin&is called for. Still, we
found-no plans fdr-systernatic replacement of such equipment.
With the present strained budgets of-Most-universities, the
problems are dealt with only when they become crises.

Disposition Issues

Among important issues in disposition is the lack of incentive
to transfer equipment betwen investigators at the same or dif-
ferent universities. Some still-useful.equipmentis.transferred
informally within'universities by _using barter payment: One.
university,lor examplercirculates a newsletter advertising
equipment that is sought or available-for barter. payment. Under
the present system, however, faculty at most universities have no
incentive to transfer equipment-other than the need for space
(which, like equipment, warrants careful-management). Faculty
have avery incentive to keep equipment in case it might someday
be needed again; only at Iowa State, among the-schools we visited,
was much equipment relinquished. This- lack of incentive to trans-
fer is a barrier to optimum use, since the equipment may be more
valuable to a laboratory other than the original recipient. Agen-
cies and academic administrators could do more to facilitate
transfer of equipment from one researcher to another by means of
incentives-in the form of savings to the receiver and rewards to
the donor.

One might imagine the transfer of useful equipment at bargain
prices within or between universities. The main obstacle seems to
be that such sales could result in charging the government twice
for the same equipment. If allowed, the practice would yield
income for activities that support the original sponsor's mission.
Formalizing the procedure on a larger scale would encourage
more efficient use of many items of rest arch equipment.

Disposal procedures at universities require attention. The
administrator-of a large academic laboratory reported that
procedures for disposing of equipment that is not needed are
frequently time consuming and complicated. While questions of
title and disposal are baing'worked out, the lab must store the
equipment 'at-a-cost of $15Iper square foot per year. The
.administrator felt that the lab's oper,..ting funds could be better
spent. He,cited inadequate administrative support, for an
efficient disposal system as a significant contributor to the
problem. We learned of a case at another university where
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excessive administrative delay:by the surplus property office
,prevented researchers. from realizing a good price on sale of
equiiirpent. -, , . .

Many universitiet.haye,an administrative entity assigned to
dispOsa of equiprnent that 00 one. wants, In, our investigations, it
was.seldom praised. The major exception is the REAP organiza-
tion at Iowa State, whielbwas highly praised for its,efforts on
disposal and salvage of.surplus equipment.

OPTIMIZATION OF USE

Sharing.,Equipment

Sharingf research-equipment is a straightforward way to
ease equipment:problems in universities and is commonly prac-
ticed. The degree of sharing that is requiredor is feasible, how-
vier, varies greatly.among:fields of research; important deter-
minants include the cost andnatOre of the:equipment and the
characteristicS of: academic science.

The higher the costs of obtaining and operating a piece of
equipment, the.higher are the pressures to share It. Thus sharing
'by many users hasiong been eharacteristic.of facilities in high
energyondinuclearphysics and in optical and radio astronomy.
The principle is=eVJent in:NSF data on academic, facilities in use
in:1982=1983. The,rnean number,of users was27 for equipment
costing475,000 to $4000,000, 14 for equipment costing $25,000
to $74,999, and 12 for equipment costing-$10,000 to $24,999
(Figurel). The same data show that 60 percent of academic
instrument systems costing $75,000 to $1,000,000 were loeLted in
shared-access facilities (Figure 8).

.The,,naturaof The research and the equipment sometimes works
against sharing. The, research may require modifications to equip-
ment that male sharing impossible, or it may simply require full-
time use of the equipment on one project. When apparatus is con-
tarninated by, samples, as occurs;in molecular beam epitaxy
machines or ceitain chemical analytical apparatus, for example,
sharing is,neither practical nor effective.

Further, the characteristics of academic science are not gen-
erally conducive to t1nlimited sharing of resources. While more
collaboration as well as more sharing of research, equipment would
be desirable in.some situations,iemphasis on individual emotivity
and scholarship.is essential to the vitality of the university. Crea-
tive research is frequently a solitary activity, and it often requires
dedicated equipment. Professors are judged by their contributions
as individuals, which tends to discourage collaborative efforts.
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Computers, if powerful enough, are easily shared and suff i-
ciently different from other types of research equipment that we
will not consider them here in depth. The increasing power and
decreasing cos;. of small computers act to reduce the number of
users who might share a machine, and we feel that computers
increasingly will be shared only by those who require the compu-
tational power of supercomputers. Methods of giving universities
access to supercomputers have been addressed by the NSF Ad-
visory C9mmittee on Advanced Scientific Computing Re-
sources. NSF has since announced plans to fund supercomputer
research centers at four universities (see Chapter 1).

We found substantial sharing of research equipment at all of
the universities visited in the course of this study. The methods
of sharing ranged from informal lending and borrowing of smaller,
inexpensive items to operating larger items as centralized facil-
ities.

Small pieces of equipment are frequently shared within a geo-
graphical radius determined by their portability and knowledge of
their existence. Informal interaction amc__6 faculty and gradu-
ate students is the most common mechanism. It should be noted
that sharing usually offers educational benefits. Students learn to
use a wider variety of equipment to solve their problems and in
the process have the opportunity to exchange ideas with a wider
circle of people.

Sharing is very effective when the research requires limited
and routine use of commercially available service-type equipment
such as electron microscopes, surface analytical equipment (Auger
electron or x-ray photoemission spectroscopy), and high-field
nuclear magnetic resonance spectrometers. (These items cost
between $100,000 and $1,000,000.) Sharing such equipment also
often permits a technician to be provided to maintain and operate
the equipment as well as to train students to use it.

The utility of centralized facilities is illustrated by the 14
Materials Research Laboratories currently supported by NSF
through block grants to major research universities. We visited
four of these labs. The grants support multi-investigator research
on materials as well as central facilities incorporating the kinds
of equipment noted above. We found that the Materials Research
Laboratories have been effective at operating central facilities on
a relatively large scale and providing an excellent educational
environment for students.

In many academic departments, especially chemistry depart-
ments, centrajzed equipment, such as infrared, visible, and
ultraviolet, NMR, EPR, and mass spectrometers, is used inter-
mittently by a large number of researchers. Departmental
laboratories at a medical school we visited were set up so that
centrifuges were convenient)/ located for use by several research
groups; we found this type of sharing in most universities.
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We observed that shared instrument facilities work best when
supervised by a faculty member whose research depends on them
and who will insist on high-quality, up-to-date performance from
the equipment. Service and repair costs increase when equipment
is shared by many scientists, and a technician is usually necessary
to operate it and train users; in larger centralized facilities one
technician can often look after several related pieces of appa-
ratus.

Faculty generally wish to share equipment with their col-
leagues, but want sufficient control to ensure that the equipment
remains in optimum working order. Under these conditions,
investigators often share equipment, but commonly by means of
collaboration with another investigator on a problem both are
pursuing.

We learned that officials at some universities encourage
sharing by giving higher priority to allocation of funds for shared
equipment than for nonshared equipment. We found a similar
practice in industry, where equipment is frequently shared.
Laboratory management at a large chemical company we visited
encourages sharing by rewarding, in its research budget, a group
that' finds it can avoid buying equipment by sharing with another
group.

The REAP Program

As noted earlier, an inventory system plays a significant role
in equipment sharing at only one school we visited, Iowa State
University. The university established its research equipment
assistance program (REAP) in 1974 with the help of an NSF grant
of $114,000. Its direct costs currently total about $123,000 per
year, including salaries,, computer support, and other expenses.
REAP has evolved into an accepted, trusted, and helpful program
in support of researchers' needs for equipment. Its components
are an easily accessible, simplified, edited inventory; a diagnostic
service to help maintain equipment in good working order at low
cost; an apparatus stockroom that recycles, loans, and salvages
equipment; and a staff who are devoted, helpful, and interested,
but remain low key and nonobtrusive. A detailed report on the
program appears as Appendix G, and only a brief summary will be
given here.

The computerized inventory is focused on scientific instru-
mentation and includes only :# percent of the university's general
inventory; in June 1984, it colAained almost 10,000 items (each
costing at least $500 initially) having a total value of nearly $30
million. The inventory is.used widely as a sharing tool; faculty
are encouraged to use it to learn if a piece of equipment on cam-



pus, might fit their needs. The REAP staff stands between the
holder and Ahe,seeker of the apparatus, and the,holder is not
coerced into sharing. If the device is heavily scheduled, fragile,
time consuming,to use, or modified so thatit is not useful to
others, a "no" from the investigator is accepted without chal-
lenge. The general response, however, is an offer to share,
because REAP is liked-by, the researchers, actively helps the
faculty, and giiarantees that borrowed-equipment will be returned
in at least a,Sgooc(condition.as when it was loaned.

REAP maintainsa storeroom of unused equipment and parts,
and browsing is bncouraged. The staff are knowledgeable trouble-
shooters and often can either repair equipment or point to the
repairs necessary to avoid expensive service contracts. They are
regularly, sent to courses on equipment servicing to help them
keep up to date.

As universities develop inventory systems, we believe that
they might usefully consider the innovations found in REAP. It is
clear that REAP owes much of its success to a devoted and tech-
nically competent, staff, a well-designed, specialized inventory,
and an academic community that takes pride in finding cost-
effective solutions to problems. When a university has limited
access to external repair facilities, is small enough to have
institutionwide cohesiveness, and is able to attract and retain an
interested and competent staff, an investment in a program like
REAP seems wise.

National, Regional, and Industrial Facilities

Academic scientists also share research equipment at national
and regional facilities funded by federal agencies (see Chapter 1).
To a considerably lesser extent; they have access to industrial
equipment.

National Facilities

National facilities involve equipment that is far too expen-
sive--in the range of tens to hundreds of millions of dollars--to be
provided exclusively to a single university. These facilities are
usually associated with and managed by a university or national
laboratory. Two that we visited were the Meson Physics Facility
(LAMPF).operated by Los Alamos National Laboratory and the
Stanford Synchrotron Radiation Laboratory (S3P.L). Both are sup-
ported by.DOE.

The chief management problem at national facilities is to
provide access and a suitable environment for exploratory
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_resear.h. Beam time at SSRL, for example, is oversubscribed;
time is assigned to investigators only after their requests are
subjected to' rigorous review, and only about half of the worthy
prepcsalsare awarded beam time. This limited beam time tends
to reduce opportunities for serendipitous discovery and high-risk
research. In an attempt to overcome this problem, SSRL has
recently adopted the Participating Research Team (PRT) mode.
A small number of consortia (with university participation in
,coMbination, with industrial or government labs) setup instrumen-
tatidn.(Which the consortium must pay for) on one of the SSRL
ports; the university part of the PRT has one-third of the beam
time touse as itwishes, the industry-government part l as
one-third, and the remaining third is allocated to the larger user
community through the review process.

Regional Facilities

Regional facilities are designed to serve a smaller, local
community of users. They are funded by agencies that include
NSF, NII-1; NASA, and DOE. While the equipment at these facil-
ities is expensive, it would not be out of the-question to buy it
solely for one of the largeruniversities.

These facilitigs provide regional service with varying degrees
of effectiven...ss: Our observations suggest that when problems
occur, they have two fundamental causes. First, the scientists
running the facility are usually more interested in doing research
than in providing service to users. Second, even given strenuous
efforts to be fair, scientists at the host institution have the
advantage of being there; thus a large community of local users
may dominate the facility. Where a large and scientifically
strong group of potential users is based at one institution, -it may
be better to provide a facility dedicatee to that institution,
instead of to regional services. In many cases, however, regional
facilities have served their communities well by providing access
to equipment for users who otherwise would not have such an
opportunity.

The laser "lending library" (operated' by scientists at the
University of California-Berkeley and Stanford University) is a
regional facility praised by all users. The library places a laser in
an investigator's lab for a few months without charge; the spon-
soring agency (NSF) pays the maintenance costs and has found
them to be considerable. The regional laser facility at MIT is
more conventional; the lasers are housed there and users come to
them. :t, too, has provided lasers to scientists who would not
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otherwise have had access to them. Neither of these facilities,
3wever, is useful to investigators whose work requires long and

nearly=continuous access to a laser.

'Industrial Facilities

Academic scientists can best gain access to state-of-the-art
equipment in industrial laboratories through collaboration with
industrial investigators. Such collaboration does occur frequently
in pursuit of common interests, and we encountered several
examples. Normally, however, industrial labs are not set up to
service outside,users; barriet s to academic use include considera-
tions of safety and liability and proprietary informItion, as well
as conflicting work schedules. Industry does provide equipment
for academe in other ways,,sometimes involving state govern-
ments, and these mechanisms .-xe covered in Chapters 2 and 5.

Remote Access to Research Equipment

Because research equipment increasingly is operated under
computer control, it may be,possible to share it by means of
remote access. Suchaccess might also reduce the time and
expense of travel to some regional. or national facilities. In the
future, high data-rate transmission (at 52 Kbaud, for example)
from the instrument to the user via satellite down-link will be
inexpensive, as will high-resolution computer graphics User-to-
instrument communication at 1,200 baud now exists, is compara-
tively cheap, and should be adequate for issuing most commands.
(Computing equipment--generally excluded from this discussion of
sharing--is widely usedby remote access.)

One case that we encountered suggests the potential of remote
access. Some students and a professor in the chemistry depart-
ment at Duke University set up a link between a small microcom-
puter, their obsolete departmental nuclear magnetic resonance
(NMR) spectrometer, and a modern NMR at Research Triangle
Park, 15 miles away. A user at Duke was able to operate the
remote instrtiment as if seated at its console. This experimental
study began in 1981 and employs specially designed software. We
think the idea might be applicable to a limited number of other
instruments in situations wherelhe investigator need not have
intimate contact with samples after they are prepared and they
could be delivered by messenger. As computer networking,grows
and universities upgrade their telephone systems and install optical
fiber communications links, opportunities for remote access to
equ:?ment, even on individual campuses, rn:ght exptaid
significantly.

!.=
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Remote control of telescopes is now a fact at large observa-
tories; and communications technology can extend the link
between telescgpe and control room from tens of feet to thou-
sands of miles." Kitt Peak National Observatory, for example, is
now scheduling remote observations. Within the limitations
imposed by the relatively slow telephone data rate (one acquisition
TV -frame every 30 seconds, and one terminal graphics display
every .10 seconds), the observing runs thus far have proved quite
successful.

STRATEGIC PLANNING

The costs and complexities of acquiring and managing first-
rate academic research. equipment are,some of the several pres-
sures, mainly financial, that appear to be moving universities
:oward,campuswide strategic=planning.6P/ Such planning in part
leads to preferential alloce tion of resources to disciplines that
offer the university the best opportunities to achieve distinction.
A university might allocate minimal resources to some depart-
ments, or even close them, for example, in order to provide better
research facilities for others. We believe that more hard decisions
of this kind-will have to be made, but keepingin mind that
universities work on a much longer time scale than most of our
society. Sound strategic planning must involve faculty par-
ticipation, but clearly requires more centralized decision making
than is now common in academe.

RECOMMENDATIONS

The universities' ability to acquire and manage research
equipment efficiently reflects factors that include individual
circumstances, decentralized authority, the project -grant system
that funds much of the equipment, and state and federal regu-
lations., Within this context, however, we have identified a
number of management practices that are effective and warrant
more widespread use. These practices form the basis of the
recommendations that follow.

The recommendations on the whole imply a need for univer-
sities individually to consider a more centralized approach than is
now,the general: practice. in their management of research equip-
ment. We note that other developments, mainly the result of fi-
nancial pressures, point in-the same direction. They include the
universities' growing interest in: debt financing,and in develop-
mental efforts involving close cooperation with state governments
and industry. Such,activities generally call for centralized deci-
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sion making in the universities. More broadly, universities are
displaying-growing interest in strategic planning, which clearly
depends on morecentralized decision making.

We recommend...

1. That universities more systematically plan their allocation
of resources to favor research and equipment in areas that offer
the_best opportunitlei to achieve distinction. Such strategic
plahning should involve participation by both adthinistrators and
faculty. The process may well call for hard decisions, but-we
believeqhat they must be made to optimize the use of available
funds:

That universities budget realistically for the costs of
operating and maintaining research equipment. These costs
impose serious and perVasive problems, and failure to plan
adequately for hill costs when buying equipment is widespread as
well. Full costs include not only operation and maintenance, but
space,renovation, service-contracts, technical support, a.nd the
like. Maintenance is particularly troublesome. Hourly user
charges are commonly assessed to cover the salaries of support
personnel and the costs of Maintenance, but are difficult to set
optimally and are rarely adequate.

3. That investigators and administrators, at universities seek
agency approval to spread the cast of expensive.equipment
charged directly researchixoject awards over several award
years. As noted in Recommendation 3 under the Federal
Government,. individual research grants and contracts cannot
normally accommodate costly equipment, and this problem would
*be eased by spreading costs over several years:

4. That universities act to minimize delays and other prob-
lems resulting from procurement procedUres associated with the
acquitition of research equipment. To be most effective, the
procurement process should be adapted to the specialized nature
of research equipment, as opposed to more generic products.
Similarly, specialized purchasing entities or individuals would
facilitate timely acquisition of equipment at optimum cost. Also
beneficial would be formal programs designed to inform purchas-
ing personnel and investigators of the needs and problems of each.

5. That universities consider establishing inventory systems
that facilitate sharing. One such system is the basis of the
research equipment assistance program (REAP) at Iowa State
University. The REAP inventory includes only research equip-
ment. REAP may not be cost effective for all universities, but
most should find elements of it useful.

6. That universities use depreciation rather than a use al-
lowance to generate funds for replacing equipment, providing
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that they, can negotiate realistic depreciation schedules and dedi-
cate the funds recovered to equipment. Universities can use
either method, but-rates of depreciation are potentially higher- -
and so recover costs more rapidlythan the use allowance (6 2/3
percent per .year) because they can be based on the useful lift of
the equipment. ,I3oth methods, however, add to indirect costs, and
neiter canlie usedlOr equipment purchased with federal funds.

7. That uOier,sitles ;epic better ways to facilitate the trans-
fer Of research eqUipmeni from, investigators or laboratories thai
no longer need It to those that could uselt. Faculty at most
schOols have no incentive to transfer equipment, excepting the
need for space,, and every incentive to keep it in case it might be
needed again. Some systemat; mechanism for keeping faculty
well informed of needs and availability of equipment would be
useful.
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4
Debt Financing

INTRODUCTION

Tax-exempt debt financing has long been used by universities
to fund large capital expenditures and in recent years has at-
tracted much attention as a means of funding research equip-
ment. The methods of debt financing employed range from lone
term instruments, such as revenue bonds, to short-term leases.
Regardless of the method, debt financing of research equipment
must compete with the university's other needs for debt. Univer-
sities frequently use the proceeds of long-term, low-interest
bdnds to finance projects such as new buildings, new telephone
systems, and major remodeling. When the buildings include labor-
atories, most of the associated fixed equipment and some movable
scientific apparatus are purchased with the proceeds of the issue.
In the 1950s and '960s much scientific apparatus came with new
buildings at expanding universities, but recent years have seen
little net expansion.

Concern About Payment

The amount ef research equipment obtained by debt financing
varies widely among universities, but the central computing facil-
ity at most schools we visited was either leased or financed by
borrowed funds. Universities normally use debt financing to
obtain equipment for a research project only if funds are not
available from other sources. The basic concern is the availabil-
ity of income to cover payments on the debt.

Some universities indicated that multi-investigator and block
grants at e valuable in providing a stable income stream for
equipment acquired through debt financing. User fees and grant
or contract support, however,,are the most common sources of
incon.. for payments on equipment debt or leases. Many univer-

563



S58

sities are concerned that these sources are unpredictable and
unreliable and that they are likely to have to subsidize debt-
service costs. We learned of no central computing facility that
was leased or financed by borrowed funds, for example, that had
enough income to cover the total costs of the lease or debt; all
required a subsidy from the school's general funds. Institutions
are additionally concerned that recovery of such subsidies (i.e.,
the annual deficit in a specialized service center) can be very
difficult to negotiate as an element of indirect cost reimburse-
ment under OMB Circular A-21.

Because of limited opportunity to develop a reliable income
stream to retire debt, some universities use no debt financing for
research equipment. Some state universities are forbidden by
state law to incur debt. Other universities are very active in debt
financing, but generally require a fallback source of income, such
as college or departmental resources, to pay the principal and
interest on a debt if necessary. To obtain financing, backup
commitments from departmental or college operating budgets or
from a university-affiliated foundation are usually necessary.

Administrators at many universities with debt financing
available appear to be very selective in its use and to restrict it
to large purchases (more than $250,000) for which a repayment
process can be developed. One university we visited has formal
guidelines for use of' a line of credit for research equipment
costing more than $50,000. At others, the faculty had not been
told that debt financing was a potential means of acquiring
equipment. At one major university we visited, senior academic
officers were unaware that a line of credit had been obtained by a
senior finance officer, partially to finance research equipment.

IMPLICATIONS AND ANALYSIS IN DEBT FINANCING

An important aspect of Dorrowing money to buy academic
research equipment is that, like assumption of debt for any pur-
pose, it shifts the locus of rc.ponsibility and decision making.
U.S. universities are decentralized in any event, and the heavy
reliance on individual, competitive research grants and contracts
ordinarily confers considerable authority on principal investiga-
tors. Borrowing to buy research equipment, however, imposes risk
on the university as a whole and so requires a shift from decentral-
ized to centralized planning and decision making by the school's
administration. Such shifts can contribute to greater use of
strategic planning by universities (see Chapter 3).
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Analytical Requirements

Sound borrowing decisions demand a painstaking analysis of
costs, risks, and potential impact. A thorough assessment of
needs is es,ential. One university research foundation reported
assuming a multimillion dollar debt to acquire a supercomputer
without securing positive commitments from projected users.
Plaris'io repay the debt through user charges were based on
estimates and.verbal assurances from potential commercial users
that did not materialize. The institution was left with a very
large debt and insufficient revenue from user charges to repay it.

The parameters of a needs assessment will vary. The univer-
sity may wish, for example, to focus on particular types of equip-
ment, on replacing obsolete items, or on enabling faculty to estab-
lish new programs of research. Universities also have canvassed
potential external users, such as faculty at nearby institutions and
government and corporate scientists, when equipment was suit-
able for sharing.

A problem reported repeatedly by universities was failure to
plan for full costs when buying ?.quipment. Full costs include
shipping, space renovation, operation and maintenance, service
contracts, tectviical support, insurance, utilities, and the like. As
a general rule, full costs should always be included in equipment
budgets and should be included, at least selectively, in calcula-
tions of how much to borrow, recognizing where appropriate the
possible me of other funds to pay these costs.

The analysis also should cover projected sources of repayment,
with the stress on known sources and reasonable expectations. If
user charges are expected to supply revenue for repayment, for
example, one cannot assume that they can be assessed at 100 per-
cent of acquisition and interest costs without making the equip-
ment too expensive for potential users. it may also be wise to
assess as accurately as possible the allowability of interest costs
under OMB Circular A-21, which requires prior agency approval to
charge interest to federal grants or contracts. One university
reported that its line of credit was approved for conformity with
OMB Circular A-21 by five federal agencies. In the one equip-
ment purchase thus far ur ler this financing plan, one of the agen-
cies declined to allow in ...rest charges, even though the money
was available in the g. ant through rebudgeting. The interest is
being paid from private gift funds.

Prospective borrowing for equipment is bes. examined in
terms of the university's total debt structure. This examination
focuses especially on sources and amounts of revenue projected to
repay all debts, repayment schedules, and overall levels of univer-
sity liability. This analysis requires the university to forecast how
it will meet its combined obligations and determine w aether its
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projections are reasonable. It is important to develop at least an
outline of a contingency plan for repaying equipment debt in case
projected sources of repayment funds do not materialize.

Impact on Academic Programs

Evaluation of using debt for instrumentation should include the
impact on the university's capacity to sustain research and in-
struction, focusing particularly on the future. Too much debt
restricts the ability to respond to new challenges and oppor-
tunitieS in research and education. Some debt, judiciously
designed to fit the circumstances of the university, may be very
useful. In universities where faculty and administrators were
satisfied with the decision to borrow, we found that debt was
viewed as a supplement to other funds employed to sustain or
expand existing programs and help to initiate new ones.

The Limit of Debt

We have no formula to determine how much debt a university
can sustain. The appropriate level depends or many variables,
including the school's philosophical approach to financiaL manage-
ment. The National Association of College and University Busi-
ness Officers says of a particular ratio of debt service to revenue,
"No national standards for budget percentage ,dedicated to debt
service may be inferred from the median values. The willingness
and ability to commit revenues to debt service vary greatly among
institutions."'

Among factors that have been identified2 as measures of the
debt capacity of a university are:

Ratio of available assets to general liabilities (ordinarily
stipulated at 2:1 minimum).

Ratio of debt service to unrestricted current fund revenues.
Ratio of student matriculants to completed applications.
Ratio of opening fall full-time enrollment this year to

opening fall full-time enrollment in base year.

A number of factors in addition to these ratios usually are
considered in assessing the debt capacity, or creditworthiness, of
universities.3
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CHOOSING THE APPROPRIATE DEBT INSTRUMENT

A number of forms of debt financing are available to univer-
sities, and each debt instrument has terms and conditions that can
be attractive in the right circumstances. Examples of the use of
debt financing by universities are described in Appendix H, and
representative debt instruments are summarized in Appendix I. It
should be noted that the types of instruments available, the
relevant tax laws and interpretations of them, and the conditions
of the debt market are always subject to change.* Thus the
selection of debt instruments by universities should be based on
current expert advice from investment, legal, and tax counsel.
The discussion of debt instruments in this chapter is intended to
be illustrative,-not comprehensive.

Factors to be considered in selecting a debt instrument include
the amount to be borrowed and the equipment to be bought. One
supercomputer, for example may call for a different debt instru-
ment than many devices each costing less than $100,000. The
urgency of the need may be a factora line of crnlit may be
arranged fairly quickly, while a band issue is time consuming. The
single most impo,tant factor in selecting a debt instrument is the
correlaton with use: short-term debt fot short-term use, long-
term debt for loin-term use. Also a factor is the impact of
different repayment schedules on the university's programs. In
addition, different types of debt instruments have different costs,
including the rate of interest, issuance costs, legal fees, and
printing charges.

SHORT- TO MEDIUM-TERM DEBT INSTRUMENTS

Short- to medium-term debt instruments include leases, munic-
ipal leases, lines or letters of credit, pooled revenue bonds, tax-
exempt variable rate demand bonds, and tax-exempt commercial
paper. Maturities vary from 1 to 10 years. Selection criteria may
include the following:

Equipment is needed only for a specific period and may or
may not have to be permanently retained by the university.

Leasing costs can be identified with a specific piece of
equipment, which can be readily identified with a grant or
contract for reimbursement.

*The material in this chapter was current as of October 1984.
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A lease can be arranged to include a maintenance and
service contract.

Short-term debt can be used temporarily until permanent
funding becomes available.

Conditions in the bond market do not favor issuance of
long-term debt.

The institution may not have the credit rating or sufficient
funding needs to issue long-term debt.

The Decision to Lease or Purchase

The decision to lease or purchase usually involves a present-
value analysis, in which the _ landng alternatives' net cash flows
over time are discounted back to present-day value (see Table 6).
The financing alternative with the lowest present-value cost
would be considered best on a cost basis. The final decision to
lease or buy depends on the prospective lessee's total financial
position and equipment need. The ease and the initial low cost of
entering into a lease agreement should not preclude performing
cost-benefit analyses of other debt alternatives. Over the long
term, high-priced, long-term equipment will most likely have a
higher net effective cost under a lease arrangement than under a
long-term debt instrument. For short-term, low-priced equipment,
the university might consider a line of credit as an alternative to
leasing.

General Uses of Leasing

Ordinary leasing takes two basic forms:

Operating lease: an institution acqt... es the use of equip-
ment for a fraction of its useful life. Title is retained by the
lessor, and the lease contains no option to purchase the equip-
ment. The lessor may provide services in connection with
maintz:iance and insurance of property.

Capital lease: a capital lease must meet one of the
following criteria:

- Tit lc is transferred to lessee at the end of the lease.
- Lease contains a bargain purchase option.
- Lease term is at least 75 percent of the leased

property's estimated economic life.
- Present val:le of the minimum lease payments is equal

to 90 percent or more of the leased property's fair market value,
less related investment tax credit retained by the lessor.
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TABLE6 Present Value. Analysis

Yr. Outflow($) Inflow(S) Net($)
PV
Factor*

Net Present
Value($)

Option A

0 1,000,000 0 (1,000,000) 1.000 (1,000,000)
1 100,000 500,000 400,000 0.909 363,600
2 103,000 500,000 400,000 0.826 330,400
3 100,000 500,000 400,000 0.751 300,400

di. 100,000 500,000 400,000 0.683 273,200
5 100,000 500,000 400,000 0.621 248,400
Net present value 516,000

Option B
0 0 0 0 1.000 0
1 400,000 500,000 100,000 0.909 90,900
2 400,000 500,000 100,000 0.826 82,600
3 400,000 500,000 100,000 0.751 75,100
4 400,000 500,000 100,000 0.683 68,300
5 400,000 500,000 100,000 0.621 62,100
Net present value 379,000

DECISION: Option A, purchasing er,...ipment with available cash.

Option A states that the acquisition of new laboratory equipment
will save the department $500,000 per year in contracting the
services from a private lab. Costs of about $100,000 per yea: are
directly attributable to the new equipment maintenance which
will reduce the potential annual savings to $400,000. The cost Jf
the equipmentand is installation is=$1.0 million. At the end of
five years, the equipment has zero salvage value. Option B states
that the leasing of new laboratory equipment will save the
department The same $500,000 as in Option A. he cost of lease
will be $300,000 per year for five years with an additional
$100,000 per year for maintenance. The department has no
purchase option at the end of the lease.

*PV factor assuming a 10 percent discount rate.

SOURCE: Coopers bc Lybrand.
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The benefits commonly attributed to leasing are primarily
available in a tax-oriented lease in which the lessor retains and
claims the tax benefit ( ownership. This type of lease is called a
true lease for tax purposes. Nearly all operating leases are con-.
sidered.true leases, but only some capital leases qualify as true
leases.

Not-for-profit organizations do not accrue tax benefits from
leasing capital equipment, benefits that are available to profit-
making4rgani7-:.'ions. With state universities, IRS regulations
preventthe lessor from benefiting from the investment, tax credit
because the end property user is a government entity. Leases can
be structured, however, -o pass on the tax benefits of ownership
to the lessor. These methods include a sale-leaseback and third -
party lessor, which may be an affiliated foundation (see Chapter
5): Such methods require careful review and professional counsel
to ensure that the transaction is structured to meet IRS regula-
tions and other federal requirements.

State universities have structured leases as a sale-lez..;:eback
transaction in which the equipMent is sold by the university to
purchaser/lessor and then leased back by the university. These
arrangements are considered.operating leases, allowing the
purchaser/lessor to receive the tax benefits. In most cases,
however, the sale-leaseback is not the best method relative to
other forms of tax-exempt financing available to state univer-
sities (e.g., bank line of credit).

Private universities, for major projects that include both
buildings and equipment, can combine debt financing with leases.
This arrangement allows the university to match the economic
life of the asset win a comparable financing period. However,
the institution should consider tax-exempt financing (e.g., a line
of credit or industrial revenue bond) for major funding needs or
for aggregate university funding, because tax-exempt financing
could be a cheaper form of debt than leasing equipment on an
individual basis.

Foundations established as separate, incorporated entities can
provide additional financing flexibility to state universities. Such
foundations can offer a number of benefits by incurring debt and
arranging leasing on behalf of a university. An example is the
Georgia Tech Research r:orporation mentioned in Chapter 3. A
state institution and the foundation will have an arm's-length
(Plationship that can provide needed financing while complying
'th various state regulations.

Municipal Leases

Municipal leases require the lessee to be a state, city, or
governmenverititY, and so do no. apply to private universities.
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For tax and legal purposes, the municipal lease is considered a
conditional sales contract. Municipal leases usually include the
following provisions:

Theuniversity receives title to the equipment for a nominal
fee at the end of the lease term.

No down payment is required from the university.
The university makes clearly defined payments of principal

and in 'rest.-
The lessor receives none of the tax benefits of ownership,

but can treat the interest portion of the lease payments as tax-
exempt income.

The lease term is generally on a fiscal year-to-year basis
with renewable options; the university's liability is limited to the
actual lease term (excluding renewable options), so it can cancel
the lease at the end of each year.

Through a municipal lease, a state university can enter into a
lease-purchase agreement and still meet state constitutional or
statutory constraints on multiyear debt. The cost of the lease
usually ranges from 70 o 90 percent of the prime interest rate;
the high cost reflects the lessor's risk that the lease can be can-
celled on a year-to-year basis. Interest, however, is the only
expense associated with the lease. Also, the ability to cancel on a
year-to-year basis provides some insurance against technological
obsolescence.

Municipal le tees generally are used to acquire equipment
costing in the range of $100,000 to $1 million. They are also
useful for acquiring lower priced equipment: they can be arranged
quickly and normally are used to acquire small pieces of equip-
ment that depreciate quickly and have questionable salvage

Mechanics

In arranging a municipal lease, the university selects the equip-
ment and deals directly with the vendor on the sale terms and
price. When the terms are settled, the university negotiates the
lease with a third-party iessor. Municipal leases usually include a
fiscal funding clause to protect the lessee from any claims the
lessor may have against cancellation of the lease. The clause
makes the lease conditional on full appropriation of funds to pay
the lease in the next fiscal year. If the lease includes such a
clause, the lessor may require a nonsubstitution clause to protect
against the lessee's cancelling the initial lease on the basis of
nonappropriations and then leasing similar equipment from
another lessor.
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Third -Party Lessors

An affiliated nonprofit orgatzation or foundation could enter
into a municipal lease arrangement for a state university. The
foundation woulchact as a third-party lessor and could provide:

Additional financial s :curity to back the:leasing
arrangement.

Review of department heads' end principal investigators'
municipal-lease requests to ensure that revenue sources are
available to cover lease commitments.

Management of the leased equipment.
Support for collecting and paying lease payments.

Additionally, the foundation would not be subject to fiscal
appropriations and would be able to plan for the funding of
long-term lease contracts.

Line of Credit

A university that anticipates a near-future need for borrowed
funds but does not know its specific requirements .can negotiate
with a bank for a line of credit. The line of credit t epresents an
assurance by the bank that funds will be made available to the
university as needed, based on the terms and conditions of the
initial agreement and barring any major changes in the financial
position of the university. Once a line of credit is negotiated, the
university can request funds from the bank. The banl: reviews the
request(s) and extends the loans up to the stated limit of the line
of crrdit. Lines of credit usually are extended for one to five
years and for ceilings of $2 million to $15 million on outstanding
loans.

A line of credit gives the university a standby source of funds
that can 1:e. obtained without having to renegotiate terms and con-
ditions each time a loan 2. needed. By paying a fee on the unused
portion of the funds, the university can arrange a letter of credit
or 'a standby loan guarantee from the bank to ensure the funds'
availability..

Mechanics

A university with an established credit rating can most likely
negotiate with a number of banks before arranging a line of credit
with one of them. Depending on its financial strength, the univer-
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sity may be able to arrang,, more than one line of credit. The
general terms of a line c: credit specify:

Interest rate will average 60 to 75 percent of the prime
interest rate because the line of credit is considered a tax-exempt
debt.

-Loan ceiling represents the total amount of credit that the
bank will extend to the university under the line of credit.

Put and call provisions state the period in which the bank
can request repayment in full of all outstanding loans and the
period in which the university can prepay its loan.

Fee represents the bank's compensation for extending the
line of credit; it can be expressed as a staid amount or as a per-

centage of the unused line of credit.
Conditions define specific terms of the line of credit, e.g.,

the bank may ask the university to maintain compensating bank
balances, depending on the underlying credit of the university and
the bank's loan pricing structure.

Security defines the collateral the bank requires to support
the loan (e.g., the university's pledge of unrestricted endowment
funds or a lien on the purchased equipment).

Procedures for Use

Once a bank line of credit is obtained, the university should
establish procedures for using it. The line of credit could be
drawn upon, for example, to meet loan requests from department
heads and principal investigators. Each request would have to be
documented to justify the loan and demonstrate a source of reve-
nue to repay it. Internal administrative controls would have to be
estatilished to review and process requests and ensure that the use
of the line of credit conforms to budget y anu research priorities.
If numerous small loans were made, additional adminiscrative con-
trol would be required to monitor loan limits and debt service.

Iooled Revenue Bond

A pooled revenue bond is issued under a designated govern-
ment authority to meet the aggregate funding requirements of a
group of state c private institutions. Bond pools are of two
types: a blino pool does not identify the participating universities
or the projects to be funded; a composite pool identifies both.

To ensure the marketability of the bond issue, the authority
will most likely purchase an insurance rolicy fat guarantees
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repayment in the event of default by any of the participating
universities. The authority may require a participating university
that does not have an established credit rating to obtain a letter
of 'credit to guarantee its loan or to pledge cash and securities as
collateral. Financially strong universities that can issue their own
debt may not gain cost advantages from participating in the pool.
The participation of universities with established credit ratings,
however, is important to ensure that the pooled revenue bond gets
a favorable rating and can be marketed to investors.

The pooled revenue bond meets the minimum requirements ($5
million to $10 million) for a marketable, cost-effective issue, and
the costs of issuance are shared by the participating institutions.
It works well when the participants need similar types of equip-
ment: investors are looking for some element of commonality
such as the useful life of equipment--so that they can better
assess their risks. The mechanism permits a university to finance
equipment purchases that would not warrant issuance of a revenue
bond on its own.

Mechanics

After the bonds are issued, the authority enters into a loan
agreement with each participating institution. The agreement
specifies the term and amount of the loan, the repayment sched-
ule, and the interest rate. The periods of the participating
institutions' loans generally range from three to ten years, but no
loan can extend past the maturity date of the bond issue. IRS
regulations give the authority three years to disbuesc the proceeds
of the bond. Within that period, the authority may invest the
proceeds at a higher rate than the tax-exempt rate of the bonds
to reduce the borrowing costs to the participants.

Tax-Exempt Variable Rate Demand Bond

Tax-exempt variable rate Gernand bonds (VRDBs) carry a
floating interest rate set periodically in one of three ways:

Percentage of prime interest rate.
Percentage of 90-day U.S. Treasury Bill rate or bond

equivalent basis.
Indexed to tax-exempt notes.

The VRDB, nominally issued with a 25 to 30 year maturity,
gives the univet sity access to long-term debt at short-term rates.
When issuing long-term debt is not feasible or is relatively expen-

;11....c
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sive, VRDBs permit the university to begin construction of build-
ings or procure equipment without funding delays; they permit th,t
issuance of permanent debt to be postponed until conditions in the
long-term bond' market improve. The short-term feature of the
VRDB can offer quite favorable interest rates, which may range
three or rr.sze percentage points below fixed long-term bond rates.
VRDBs entail risks if the university plans eventually to convert
them to long-term debt. One such risk is the unLertainty in the
regulatory environment, which may restrict the university's
ability to issue long-term debt. One of the many varieties of
variable rate demand bonds is the adjustable rate option bond
described in Example G, Appendix H.

Mechanics

VRDBs are issued for the iniversity by a designated state or
local authority. The bonds are sold to short-term investors,
normally tax-exempt money market funds that can only hold
securities with maturities of 90 days or less. The terms generally
give the investor the option of returning the bonds to the issuer
after giving a seven-day notice and give the issuer t:,e option Jf
recalling the bonds from the in tors upon a 30-day n )tice. (The
adjustable rate option bond in the example allows only annual
returns of the bonds for payment.) Because the invebLur can
return the bonds, the university must demonstrate its ability to
pay for them. If the bonds can be immediately resold, the univer-
sity can readily repay the investor. If new investors cannot be
found, however, the university needs some way to raise the neces-
sary capital. The most common way is a bank letter of credit.

Through a letter of credit agreement, the bank lends the
university the necessary funds at a specified rate of interest and
with a set repayment schedule. Borrowing under the terms of the
letter of credit can be costly, in that the interest rate is higher
than the university is paying on the VRDBs. Most universities will
have to use it, however, because the institution may have insuf-
ficient cash reserves to ensure repayment of the VRDBs. With
the letter of credit the bank may provide other services, including
placement of the initial bond offering and assistance in locating
new investors if initial investors return the VRDBs. (In many
cases, investment bankers provide the marketing and remarketing
service.) The university and its bank negotiate the terms of the
letter of credit, which generally costs from I to 1.5 percent of
the amount of the issue and has a five-year term with cancel-
lation and renewal clauses.
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Tax-Exempt Commercial Paper

Tax-exempt commercial paper (TECP) consists of a program
or series of short -term obligations with maturities of 270 days or
less, issued by a designated authority for a pool of universities.
TECP gives universities he flexibility and liquidity of short-term
borrowing at the lower interest rates offered on tax-exempt
securities. Issuance costs are shared by the participants. Addi-
tinnally, the TECP is designed to be rolled over at maturity
without delays and added issuance cost, so the university is not
locked into long-term debt and can repay the loan at any time
without penalty.

Mechanics

The designated authority would issue the tax-exempt com-
mercial paper and provide the funds to participating institutions
that request loans to finance the construction or renovation of
building; and the acquisition of equip.nent. The issued amount of
the TECP would reflect the aggregate amount of the participating
institutions' loan requests over the period of the prop-am, say,
two or three years. The relatively high cost of setting up a tax-
exempt commercial paper program makes it necessary to aggre-
gate fairly large pools of money. The minimum for the pool
commonly is $50 million.

The TECP would be a limited obligation of the authority and
would represent no obligation uf the authorizing state or county.
The financial backing for the issue is the revenues and pledged
funds of the participating universities. Before a loan is n:ade, the
authority must approve the creditworthiness of the participating
institutions. An institution that does not have an established
credit rating could obtain a letter of credit or pledge assets as
collateral. The authority would make a long-term loan to the
institution for a period not greater than the expected life of the
debt program, which could be as long as 10 years.

The liniversity would repay its loan in equal monthly install-
ments that would reflect repayment of principal and the costs of
interest, administration, and issuance. The interest on the loan
would be determined monthly and reflect the average interest
rates of TECPs sold during the month. Repayment of the TECP is
based solely on participating institutions' loan payments to the
authority.
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-; LONG -TERM DEBT INSTRUMENTS

Lon,termInancing-commits:a university WO to,30 years:of
debt. Tax-exempt,revenuethonds,anct, general:obligation bonds are

_the major formS.O.filong=ternitinancing.:certificates.,of participa-
ttion, industrial 4,e2velopm ent bonds; and."on!behalf of...1,1 debt
instruments,are specific forms of-revenue bonds. ,

For state, lodali and other municipal government entities:and
authoritiesopunicipal bonds:are a major,meanq of financing the
construction and maintenante of public facilities Municipal
bonds are tosteffedtive,because the intereq-paid,to the bond
holders is exempt from federal income tax and sometimes from
state or local income tax. The tax-exempt status permits issuers
of municipal bonds to pay lower interest rates than are paid on
corporate bonds.

MunicipalboncKlaredifferentiated`by the type.of lunds that
ecure.payment. The bonds are of two general types:.

General obligation bonds are secured-by-the taxing-power of
-the.,state-or 'local: government. All, sources of -the. specified
,goyernMent.unit!s revenues will be used to pay off the debt,
unless speCificallyexciuded. The bonds are backed by the "full
faith and credit" of the. stateorlocal.government.

Revenue bonds-areissued to-finance a specifiC revenuer
generating projec . They are secured by the project's revenue and
are not backed by the- "full -faith-and credit" of a state or local
government.

Long-term debt financing for universities,generally involves
revPnue bonds or industrial. developmenthonds. The industrial
development bond is issued by a state, local, or other -designated
government entity to finance the construction or purchase of
plant facilities or equipment to,bedeased and used by a private
entity. The2bondisjlacked by, the credit of the private entity and
not-by the issuing government entity:

Revenue; bonds, do not burden the credit capacity of the munici-
pality nor require a,referendum, as domostgeneral obligation
bonds. The state or local government issues the revenue bonds or
empowers an authority, commission, special district, or other unit
to issue-the bonds and construct and operate or lease the specified
building/equipment.

Revenue and industrial, development bonds can be used by both
state and private institutions. The tax-exempt bond can be issued

Types2,of Tax7;.Eicempt Bot,ds

53-277 0 - 86 - 19 "" 577
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as4ong as it fulfillsa "public purpose" under state law inaccor-
dance with internal Revenue Code Section 103. State. universities
enjoy-tax=exeMptstatiisbecause they afe'considered subdivisions
-ottheStata.i PriVate;universit)yhoweVar',,rnurst,use a tax-

:- exeMpt C'ondUit'S`uCh as a' cOtinty industrial development author-
ity,*luc.ationaljacilities authority, or similar agency. Revenue

bands"isSued-bpbotn-kate-and'private;universities are backed, by
the 'Creditworthiness of the institution. If it does not havasuf-
ficient collateraltaftract investors, the issue would most likely
havato-bejirider0itten by afilnsurancecornpany to ensure its
marketability. Other forms of credit enhancement are available.
ThauniVersity'rnightbbtaiicaletter of creditilor example, or,
where-feasible,set aside a portion of endowments as collateral.
Such credit enhanC&fients'have the effeCt of lowering the iritere:..t
rate.that musf be paid to attract investors.

Mechanics

The tax-exempt bond is-a legal promise-by the backer
municipality, political subdivision, designated public authority,
state univarsity,.or private universityto pay the investor a
specified amountof money on-a specified date and to pay interest
at the stated period and rate. A bond issuance basically involves
four main parties orgroups of individuals:

The institution=inthis case a state or private university,
responsible for paying principal and interest from its own
revenues.

The issuera governmental entity or designated authority
that borrows money through sale of tax-exempt bonds.

The dealerssecurities firms or commercial banks that
underwrite, trade,:and'sell securities.

The-investors=tax-exempt bond funds, banks, casualty
insurers, and individuals.

The minimum feasible amount of a bond issue is normally $3
million because of the sizable costs of brirging the issue to mar-
ket. These costs would include legal, aca...inting,,and brokerage
fees asAvell asincidental costs such as printing. Individual bonds
have a minimum face value of $5:000, but on average are issued in
$25,000 denominations.

Legal and ..ax counsel are essential to ensure that all report-
ing, tax, and disclosure requirements are met. Municipal security
issues do not have to follow the reporting requirements of the
Securities and Exchange Commission (SEC), but the Municipal
Securities Rulemaking Board, an independent, se" gulatory
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organization of dealers, banks, and brokers, has established guide-
lines for the municipal securities industry. A potential issue would
be governed by the antifraud provisions of the Securities Acts and
SEC Rule 10b-5. Additionally, a tax-exempt bond must adhere to
Internal Revenue Code Section 103, which defines the types of
.facilities that can beinanced with tax-exempt bonds.

Certificates of Participation

Certificates of participation (CPs) are a relatively new debt
instrument that resulted from the need of public institutions to
lease high-priced facilities. This form of financing provides access
to the equivalent of long-term debt, but does not constitute direct
indebtedness. The legal-strtrture of CPs is basically the same as
for a lease-purchase agreement. CPs, however, allow a university
to lease costly facilities and equipment with several investors
acting as the lessor. CPs represent a share in a leasethe certifi-
cate holder has an interest in the lease proportional to the per-
centage of the investment. The underwriting for Cis is complex
and lengthy; the efforts and cost are comparable to those of
issuing a revenue bond. CP investors will require some form of
security from the university to.ensure that funds are available to
meet lease payments. In some cases, the university may have to
purchase a letter of credit or establish a debt reserve fund to
cover one year's debt service. The cost of placement requires
that the CPs be issued for at least $1 million.

"On Behalf of..." Financing

"On behalf of ..." financing is arranged by a third-party guar-
antor for a state or private institution. The financing could take
the form of either a revenue bond or a lease. Generally, "on
behalf of ..." financing is used for special equipment. A tax-
exempt foundation (third-party guarantor) issues a revenue bond
on behalf of the university to purchase the equipment. When the
equipment is acquired, the foundation leases it to the university.
The university makes lease payments to the foundation and
receives title to the prop._ ty at the end of the lease. Although
the foundation is the gua: for of the "on behalf of ..." issue, the
bond or lease represents a. direct obligation of the institution.
"On behalf of ..." investors 4.. '1 the university's revenue-
generating capability and creditwu, ess to evaluate the
riskiness of the issue.

An advantage of "on behalf of ..." fn. is that the debt
does not appear on the un:versity's balance The financial
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impact on the university is reflected as a contingent liability for
future lease payments. The leasing arrangement between the
foundation and the university is on a year-to-year basis with
annual renewal options. A state university would use "on behalf
of ..." financing only when revenue bonds could not be issued.
Some state goVernments have legislative authority over the state
university's ability to issue revenue bonds and can restrict the
purpose of the bond and the use of the funds. "On behalf of ..."
financing would be easier to issue than revenue bonds in these
states, but the cost of issuance is higher.

INNOVATIVE TECHNIQUES

A number of innovative financing techniques have been used
for state and private universities. One of these is to structure the
bond issue so that the institution's alumni may be investors, not
just= contributors. The bonds are issued and purchased by alumni.
The proceeds are placed in an irrevocable charitable remainder
trust from which interest payments are made to the bond holders.
The alumni can claim the principal of the bond as a charitable
donation for tax purposes and also can treat the interest as
tax-exempt income. When the bonds mature, the trust is retired
and the principal goes to the university. The financial advantage
to the university is a substantial reduction in debt service. The
major disadvantage of this type of financing is that the institution
does not have use of the funds until the bonds are retired; for this
reason, the bonds should be issued with short-term maturity.

Grantor Trust

A mechanism proposed recently by an investment banking firm
involves a lease pool large enough to spread financing costs over
many leases vith consequent economies of scale. The goal is to
finance acquisition of equipment from research awards over three
to seven years while avoiding the problems associated with pool-
ing funds from different award periods and possibly from different
awards.

The proposal envisions a grantor trust created to acquire
tax-exempt lease obligations of participating universities. (The
specific proposal involves a nonprofit corporation of some 55
universitiesthe Universities Space Research Association- -
formed originally for other purposes.) The trust would offer
investors certificates of participation that provide tax-exempt
income and return of capital in three to seven years. An initial
offering on the order ,of $20 million is contemplated. Addition-

.
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ally, corporate guarantees would be sought to cover up to 25
percent of the pool in case of defaults or failure to exercise
annual lease-renewal options. Advances made by corporations
under these guarantees would be structured as tax-deductible
contributions. The guarantees would be designed primarily to
make the certificates of participation more attractive to inves-
tors, and the grantor trust would not anticipate involving them.

RECOMMENDATIONS

Universities traditionally have used tax-exempt debt financing
to spread payments for costly facilities over periods of years and
lately have been using the method to some extent to buy research
equipment. A number of financing methods can be adapted to the
special characteristics of equipment, such as its relatively short
technologically useful life. A noteworthy aspect of debt financing
is its imposition of risk on the university as a whole, which re-
quires a shift from decentralized toward centralized authority.

We recommend...

1. That universities explore greater use of debt financing as a
means of acquiring research equipment, but with careful regard
for the long-term consequences. Universities vary widely in their
use of debt financing, but a universal concern is the need for a
reliable stream of income to make the debt payments. It should
also be recognized that the necessary commitment of institutional
resources, regardless of the purpose of the debt financing, erodes
the university's control of its future, in part by reducing the flexi-
bility to pursue promising new opportunities as they arise. Debt
financing also increases the overall cost of research equipment to
both universities and sponsors of research.

2. That universities that have not done so develop expertise
on leasing and debt financing of equipment. This expertise should
include the ability to determine and communicate the True costs
of debt financing and should be readily accessible to research .

admin!strators and principal investigators. The increasing com-
plexity of tax-exempt debt financing, the many participants, the
necessary legal opinions, and the various political and/or cor-
porate entities associated with debt financing make it essential
that universities fully understand the marketplace.
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5
Private Support of Academic Research

Equipment

INTRODUCTION

Higher education in this country has long enjoyed significant
support from private sources, including individuals, foundations,
and business and industry. Universities increasingly have been
seeking such support, and it has risen steadily in recent years.
Private assistance to academe takes various forms, and in some
measure is helping to address the need for research equipment.

An increase in private support for academic research equip-
ment was one of the aims of the federal Economic Recovery Tax
Act (ERTA) of 1981 (PL 97-34). The act resulted from concern
over the nation's industrial strength and was designed in part to
spur research and development, both academic and industrial. It
permits special charitable deductions for scientific equipment
contributed by its manufacturers to colleges and universities. It
also provides tax credits for industrial spending on R&D con-
ducted both in-house and by other performers, including
universities. The act took effect in August 1981, and, unless
extended, certain provisions will expire December 31, 1985.

Extent of Private Support

Data on trends in funding of academic research equipment do
not exist. Data are available, however, from the NSF National
Survey of Academic Research Instruments on major instrumenta-
tion systems in use in 1982-1983. The data show that industry
funded 4 percent of the aggregate acquisition cost of such sys-
tems and that individuals and nonprofit organizations funded 5
percent (Table 3, Chapter 2).. The NSF data show also that about
2 percent of the instrumentation systems in use in 1982-1983 were
donated, as opposed to being purchased by the universities (Table
7).

P83



I

!,-TABLE 7 Means of Acquisition of Academic Research Instrument Systems in Use in 1982-1983,
:11:41.. Field (Number and Percent of In-Use Systems)

Put.= Pur-
chased Locally chased Donated Govt.

Total New Built Used New Used Surplus Other

_ Total, Selected Fields 36,351
100%

32,409
89%

942
3%

1,342
4%

410
1%

317
1%

409
1%

522
1%

Agricultural Sciences 1,650 1,575 17 39 4 2 5 9

100% 95% 1% 2% - - - 1%
;:,BiO logical Sciences, Total 15,043 14,138 71 475 22 36 43 259

100% 94% - 3% - - - 2%
Graduate Schools 6,358 5,959 40 234 4 13 10 93

100% 94% 1% 4% - - - 2%
Medical Schools 8,685 8,179 31 241 17 24 32 162

100% 94% 3% - - - 2% -1
Environmental Sciences 2,122 1,756 98 103 26 31 88 19 00

100% 83% 5% 5% 1% 1% 4% 1%
-.:Physical Sciences 8,770 7,502 366 428 20 98 196 161

100% 86% 4% 5% - 1% 2% 2%
Engineering 6,786 5,613 379 209 309 126 78 72

100% 83% 6% 3% 5% 2% 1% 1%
Computer Science 876 766 0 56 30 23 0 0

100% S7% - 6% 3% 3% - -
':,Materials Science 650 619 7 22 0 0 0 2

100% 95% 1% 3% - - - -
- ;Interdisciplinary, not 454 440 4 10 0 0 0 0
", elsewhere classified 100% 97% 1% 2% - - - -

NOTE: Sum of percents may not equal 100 percent because of rounding.

'`SOURCE: National Science Foundation, National Survey of Academic Research Instruments and Instrumentation
Needs. 534
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Trends in funding of R&D presumably apply grossly to the
funding of the associated equipment. For example, in 1983 indus-
try-furided about 5 pertent of 'academic R&D, 'Industrial funding

academic.R&D, in constantdollars, grew at an average annual
'rate of 6a ,percent during 1967 -1983 (Appendix A). The compa-
'rabIegrowthtate for federal funding was 1.6 percent. Federal
'funding of academic R&D in 1983, however, totaled $4.96 billion
(current dollars), or 64 percent ofttotai fundingand more than 13
tifnes,the.industrial,contribution. A drop of 1 percent in the fed-
hral'Support of universitytesearch would require a 20 percent
increasein.industry support to make up for it.!!

In addition to the foregoing NSF data-is mforination on cor-
p§rate support of academe, compiled by ,thei.Council-fOrFinancial
Aid to Education;(CFAE). The two sets 'Of'ilta partly overlap and
so cannot be Combined to give totals. In any event, the CFAE,data
show-that voluntary private support oFhigher education, from all
sources; more than.tripled during-19664983, to $5.15'fbillion.
'Corporate Support has been rising.faster than other Private find-
ing aridtin 1983 compriie8 21.4 .percentoof`the total. Corporate
support also Is More than twice aslikely-to:he earmarked for,
research as:arecbntribUtions from-Otherprivate'sources; cor-
porateiving so earmarked in 1983 was 25 percent of the total, or
U74.MilliCin (Figure 9). The most dramatic cha.nge in corporate
giving lietw 19802andr982,`COEIspoit recent survey years,
was in 4iRatiinerital and research,grantS, Which,almost doubled
Gifts Of equipment accounted for much of the gain. CFAE
-believes that ERTA Contributed significantly to corporate giving
of equipment.

MECHANISMS OF CORPORATE SUPPORT

Companies support acquisition of academic research equip-
ment by a variety of means in addition to donations of, equipment
itself. These mechanisms include cash gifts, contract research,
discounts on equipment, industrial affiliate programs, research
centers and consortia, and informal loans and sharing.

Donatior of equipment have been particularly common in
computing, microelectronics,, and engineering, but less so in other
areas. Equipment offered for donation, however, may not be
state of the art, particularly in industries where the technology is
advancing rapidly. Also common are offers of instrumentation
that does not meet ther--Isearch needs of the proposed recipient.
Further, donations of equipment generally do not provide for the
costs of renovating space and installing, operating, and maintain-
ing the equipment. These costs have prevented some universities
from accepting donations. In Chapter 3 we,cited the university
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visited by the study team that declined a gift of computer-aided
design equipment because it could not afford the $170,000 per
year required to operate it.

Cash gifts support a variety of research and instructional
needs, including research equipment. Some companies have set up
organizations to plan corporate philanthropy, including matching
of employees' contributions to colleges and universities. Com-
panies sometimes help to support the research of a particular
investigator or program. Unrestricted cash gifts often are applied
wholly or partly to the costs of acquiring and using instrumenta-
tion and sometimes are used to meet federal matching require-
ments for buying equipment.

Companies generally fund contract research at universities on
a project-by-project basis, much as federal agencies support
contract research. Academic investigators and administrators,
however, report significant differences in the handling of indus-
trial and federal research contracts. Negotiations with industry
are not hampered by the problems associated with federal reg-
ulations identified in Chapter 1. Corporate negotiators, more-
over, recognize that state-of-the-art equipment and the costs of
operating and maintaining it are part of the price of effective
research. Contracts with industry, therefore, are more likely to
cover all of these costs than are federal contracts.

Companies frequently use discounts and flexible payment
schedules, often free of interest, to help universities obtain re-
search equipment. These mechanisms in the aggregate can pro-
vide substantial benefits to universities. One company visited by
the study team used a two-for-one discount on purchase of new
equipment to generate goodvill and to institute A series of infor-
mal exchanges between its scientists and investigators at the
recipient school.

Industrial Affiliates

Industrial affiliate programs (also called industrial liaison
programs) provide substantial support for departments and
programs at a number of universities. The companies involved
pay annual membership fees that vary with the arrangement, but
often are in the range of $30,000 to $50,000 per company. The
university in turn generally provides seminars conducted by
faculty,, preprints of publications, copies of theses and disserta-
tions, and informal contact with faculty and students. Some
programs also provide a limited hmount of consulting by faculty
at no charge. These industrial affiliate arrangements can provide
considerable discretionary funding, which could be used to pur-
chase research equipment.
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An elaboration of the Industrial affiliate concept is the re-
search center or consortium. These arrangements may be orga-
nized to pursue mission-oriented research. Centers for research
on very large-scale integration of electronics, for example, are
being established at MIT and Stanford. The corporate members of
the Stanford center initially contributed $750,000 each. Of the
$20 million thus raised, more than $4 million was used to acquire
state-of-the-art Instrumentation. Annual corporate dues are
$100,000 per company and are expected to comprise one-sixth of
the center's sponsored research budget, with the remainder to
come from federal agencies. The privileges of membership in-
clude limited rights to certain aspects of the technology devel-
oped in the center's research programs.

A somewhat different approach is the Houston Area Research
Center (HARC). It was formed In 1982 by four universitiesRice,
Texas ABM, Houstc,a, and Tens-Austinto conduct research that
none of them could handle easily alone. HARC received private
funding initially, and now has begun to receive federal contract
funding. Projects under way in 1984 included raising funds for a
supercomputer for the four schoals and surrounding industry,
development of geological resting techniques and large-scale
geological surveys and studies, and support for activities in
high-energy physics.

Another vehicle of corporate support is a nonprofit corpora-
tion, supported by contributions from companies, which funds
contract research at universities. The arm's-length sponsored
research agreements negotiated can provide significant funding
for research equipment. One example of such an arrangement is
the Center for Biotechnology Research, in San Francisco, Califor-
nia. It is supported by six companies and administered by a three-
member board of trustees.

Academic investigators occasionally benefit from informal
loans or sharing of company-owned equipment. Most often such
arrangements result from personal c 'ntacts between scientists.

Freedom of Inquiry

A critical issue in academic-corporate relationships is preser-
vation of the academic freedom that contributes so much to the
strength of research in our universities. The proprietary interests
of a corporate sponsor of research, for example, are Inherently in
conflict with the academic practice of open and rapid dissemina-
tion of research results. Means of managing academic-industrial
relationships have been examined increasingly in recent years as
such arrangements have proliferated.3,4 The general issue is
beyond the scope of this report, but certainly must be considered

588



583

in arrangements to secure corporate funding of academi' research
equipment.

OTHER PRIVATE SUPPORT

The NSF data cited earlier indicate that private individuals,
not - for - profit organizations, and foundations fund academic
research equipment at a level comparable to corporate support.
Philanthropic programs generally support instrumentation through
research grants and general program support. Universities have
raised matching funds for research equipmer'tt from individual
private donors and philanthropic organizations. The added lever-
age of matching funds, plus the appeal of current sophisticated
technology, help scientific research to compete with efforts to
raise funds for other activities, such as athletic programs and
hospitals. Universities report that fund drives for specific items
of research equipment have proved effective.

Individuals also may help to fund academic research equipment
by investing in bonds issued to raise money for universities (see
Chapter 4) or in research and development limited partnerships
(see below).

TAX INCENTIVES

Corporate and other private eAtities traditionally ha 'e been
allowed tax deductions for donations of cash and property to col-
leges and universities. ERTA, however, in response to the need
for research equipment in academe, attached permanent special
tax benefits to donations of such equipment by its manufacturers.
Also, in accord with its basic goal of spurring technology, ERTA
created additional tax credits for industrial investment in re-
search and development, including academic R&D. (Unless
extended, the R&D tax credit will expire December 31, 1985.)
Further, most of the states in recent years have adopted tax
incentives identical or similar to the federal provisions relating to
contributions of scientific equipment. In addition to these federal
and state provisions, tax benefits are available to research and
development limited partnerships, which might provide some
sui:Tort for academic research programs.

Contributions of Scientific Equipment

A company that donates equipment to a charitable (tax-
exempt) organization generally is allowed a tax deduction equal to

1 - 589-c.c.Y.
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the cost of the equipment to the company (production cost).
ERTA increased the deduction to production cost plus half of the
difference between cost and fair market value (normal selling
price) for equipment donated to institutions of higher education,
subject to certain provisos, among them:

The donor must be the manufacturer of the equipment. The
cost of parts from outside suppliers may not exceed 50 percent of
the donor's cost in the equipment.

The equipment must have been manufactured no more than
two years before donation, and the university must be the original
user.

At least 80 percent of the use of the equipment must be for
research or research teaining in the physical or biological
sciences. Direct education of students in these fields is excluded,
and the social and behavioral sciences are excluded altogether.

The equipment must be used in the United States, and the
university may not transfer it to others for money, other property,
a services. The university must verify in writing that it will
meet all use and disposition requirements.

The deduction is limited to twice the production cost of the
equipment. If the cost of the equipment to the manufacturer is
3100, for example, the tax deduction is limited to $200, regard-
less of the normal selling price of the equipment.

In addition to increasing the deduction for such contributions,
ERTA raised the limit for corporate charitable deductions from 5
percent to 10 percent of taxable income. Although many corpor-
ate donors do not reach even the 5 percent limit, some do, and the
higher limit on deductions clearly could affect the level of cor-
porate contributions of equipment to academe.

The incentive provided by ERTA for donating qualified equip-
ment to colleges and universities can be assessed on two bases:
the direct cost of donation (production cost less tax benefit) and
the total cost of donation (production cost, plus net income fore-
gone by donating rather than selling, less tax benefit).5 These
relationships are shown in Table 8, using a production cost of $100
and selling prices of $100, $300, and $400. Note that the tax
deduction under ERTA plateaus at a selling price of $200 (twice
the production cost). At that point, ERTA confers its maximum
reduction, about 28 percent, in total cost of donation. Net in-
come foregone, however, continues to rise, so that, at a selling
price of $400, ERTP, reduces the total cost of donation by about
21 percent. Even so, it would appear that ERTA offers a signifi-
cant incentive to donate qualified equipment to academe. If the
data of Table 8 are raised to more realistic levels--say, a produc-
tion cost of $100,000 and a selling price of $300,000the direct
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TABLE 8 Effect of ERTA on Cost of Donating Equipment
(in Dollars)

ERTA/non-ERTA

Production cost 100/100 100/100 100/100

Selling price 100/100 300/300 400/400

Tax deduction 100/100 200/100 200/100

Tax benefit
(at 46 percent
tax rate)

46/46 92/46 92/46

Direct cost of
donating
(cost less
benefit)

54/54 8/54 8/54

Net income foregone
(price less cost
less tax on gross
profit)

0/0 108/108 162/162

Total cost of
donating
(cost plus net
income foregone)

54/54 116/162 170/216

SOURCE: Eileen L. Collins, An Early Assessment of Three R&D
Tax Incentives Provided by the Economic Recovery Tax Act of
1981 (Washington, D.C.: National Science Foundation, April 1983).
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cost of donating becomes $8,000 under ERTA and $54,000 without
ERTA. Similarly, the total cost of donating becomes $116,000
under ERTA and $162,000 without ERTA.

Bargain Sales

A company that wishes to provide qualified research equip-
ment to a university but is unwilling to donate it outright may
still obtain tax benefits under ERTA by means of a bargain sale.
A bdrgain sale is a sale for less than fair market value, often
entailing a larger than normal discount. The university gets the
equipment at a good price; the donor receives a tax deduction for
a charitable contribution, but also must recognize gain on the
transaction to the extent that the sales price exceeds the cost
basis apportioned to the sale. The calculation is illustrated in
Table 9. The university pays $750 for equipment that lists at
$1,500. The company receives a $250 after-tax profit under the
bargain sale provisions of ERTA, or 85 percent more than the
$135 it would have received without ERTA. It should be noted
also that the charitable deduction under ERTA is limited to twice
the cost basis of the equipment.

Company Considerations

Companies° decisions on how best to provide research equip-
ment to academe on a charitable basis depend on both tax and
nontax considerations. The two are necessarily intertwined, but
nontax benefits are the primary impetus for giving.

Makers of scientific equipment depend very much on academe
as a market for their products and as a source of the technically
trained manpower and research results essential to their busi-
nesses. They provide equipment on a charitable basis, therefore,
to sustain the quality of teaching and research, to familiarize
prospective users'and employees with their products, to obtain
feedback on the performance of their equipment and on needs for
new products, and to maintain relations with faculty.

Although tax benefits are not the primary motivator, they do
appear to affect the contribution of equipment to universities. A
company may prefer, for example, to sell costly, high-profit
equipment to a university at a substantial discount, rather than
donating it, so as to ease the economic penalty of the contribu-
tion.6 This approach has been used both before and after ERTA,
but ERTA clearly. could affect the decision to sell or donate. Tax
benefits also appear to affect the size of contributions, once the
decision to contribute has been made.
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TABLE 9 Calculation of Gain and Charitable Deduction
in Bargain Sale

List price = $1500
Cost basis = 500
Bargain sale price = 750

Basis for sale = cost basis + (bargain sale price/list price)
$500 x ($750/31500) = $250

Basis in gift = cost basis - basis for sale
$500 - $250 = $250

Company's gain = bargain sale price - basis for sale
$750 - $250 = $500

Charitable deduction = Basis in gift plus half of the gain
foregone by selling at less than
list price

$250 + ($750 - $250)/2 = $500

ERTA Pre-ERTA

Gain on sale $500 $500
Charitable deduction - 500 - 250

Taxable income 0 250

Cash received 750 750
Tax 0 - 115

Total benefit 750 635

Equipment cost - 500 - 500

Net benefit
to company $ 250 $ 135

SOURCE: Coopers & Lybrand.
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Some academic opinion holds that company officials who
decide whether and how to contribute equipment are not fully
abreast of the available tax benefits, even though company tax
specialists are well informed. In this respect, for example, it
appears that the bargain sale provisions of ERTA have been
largely ignored.

Research and Development Tax Credit

ERTA created a 25 percent tax credit for incremental spend-
ing by industry on "research and experimentation," both in-house
and under contract. The contract research, however, is restricted
to work related to the taxpayer's trade or business, or basic re-
search in colleges and universities. The credit is available for
expenses incurred after June 30, 1981, and before January 1,
1986, unless new legislation is passed to extend the credit or make
it permanent.* Money spent on scientific equipment under re-
search contracts in academe qualifies for the credit.

As with the ERTA deduction for equipment donations, the
research Must-be conducted in the United States and is restricted
to the physical and biological sciences. Money for basic research
may be paid either the contracting universities or to a fund
that awards grants for academic research. The requirements of
the law' preclude tax credits for research costs incurred by ne .

ventures before they actually engage in business.
The 25 percent tax credit is computed on qualified research

costs in excess of a floating average of research costs paid or
incurred during the prior three years. In-house research costs are
fully qualified; but only 65 percent of contract research costs is
qualified. The three-year floating average of research costs
cannot be less than 50 percent Of current-year research costs.
Thus the maximum tax credit is 12.5 percent of qualified, current-
year research costs and 8.1 percent if only contract research
costs are incurred. The calculation is illustrated in Table 10.

Company/University Considerations

The R&D tax credit reduces a company's costs for contract
research at a university. Further, the costs qualified for in-house

*The President's Tax Proposal of May 1985 would extend the
credit for three years.
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TABLE 10 Calculation of R&D Tax Credit

Qualified research expenses, 1985

In-house
Contract, nonbasic
($200,000 x 0.65)

Contract, basic
($200,000 x 0.65)

Total

Less base-period research expenses

1982 $ 600,000
1983 $ 500,000
1984 $ 700,000

Total $1,800,000

Average $ 600,000

$640,000

$130,000

$130,000

$900,000

(600,000)

Excess qualified expenses $300,000
Rate 0.25

1985 Tax credit $ 75,000

SOURCE: Coopers & Lybrand.
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research include only wages and. supplies, while the full costs of
contract research are qualified. On the other hand, the tax credit
is based on 100 percent of qualified costs for in-house research
and only 65 percent of costs for contract research. Also, contract
work at universities is restricted to basic research, which gener-
ally is a long-term effort, whereas corporate interests tend to be
short term. The university and the company are both potential
beneficiaries of patents arising from the research.

'Additional considerations are involved but, on balance, the
R&D tax credit does not appear to provide a special incentive for
companies to contract for research at universities, as opposed to
the qualified alternativei available. Exceptions would include
companies that are committed to supporting basic research in
academe, but might support more of it in light of the R&D tax
credit.

STATE TAX INCENTIVES

Most states in recent years have adopted tax provisions
designed to stimulate research at colleges and universities. The
state incentives include adoption of the federal deduction for
company contributions of scientific equipment to colleges or
universities, enactment of provisions comparable to the federal
deduction, allowance of the federal deduction and an additional
state deduction, and enactment of a credit against tax for con-
tributiOrks of scientific property.

Adoption of the Federal Deduction

The federal deduction for contributions of scientific property
to colleges and universities has been adopted by 34 states:

Arizona Missouri
Arkansas Montana
Colorado Nebraska
Connecticut New Hampshire
Delaware New Jersey
Florida New Mexico
Hawaii New York
Idaho North Dakota
Illinois Oklahoma
Indiana Oregon
Iowa Pennsylvania
Kansas Rhode Island



591

Kentucky
Maine
Maryland
Massachusetts
Michigan

Tennessee
Utah
Vermont
Virginia
West Virginia

Adoption of Deduction Other than Federal

California' has adopted a provision essentially identical to the
federal deduction for donations of scientific equipment to aca-
deme. As under the federal law, a corporation can deduct its
basis in the contributed property plus half of the unrealized
appreciation with a limit of twice its basis in the property.

Montana allows the federal deduction or a deduction equal to
the fair market value of the property contributed, but not greater
than 30 percent of the corporate taxpayer's net income.

In New Hampshire, a business that contributes scientific
property may deduct, in lieJ of the federal deduction, its basis in
the contributed property plus 50 percent of the unrealized appre-
ciation, or twice the basis of the property, whichever is less.

Massachusetts allows the federal deduction plus 25 percent of
that deduction.

Adoption of Credits

Seven states, including some that have adopted the federal
deduction for contributions of scientific equipment, in addition
provide various types of tax credits. Idaho, Indiana, and North
Dakota allow corporations a credit against tax as a means of
stimulating contributions of scientific equipment to colleges and
universities within the state. Louisiana allows corporations to
elect a credit in lieu of a charitable deduction. Iowa, Wisconsin,
and MinneSota allow a credit for increased research expenditures.

In determining expenditures that qualify for research credits,
Iowa, Minnesota, and WiscOnsin,follow the federal definition of
"qualified research expenses." The Iowa credit which is effective
for years beginning on or after January 1, 1985, is 6.5 percent of
qualifying expenses incurred for research conducted within the
state. If the credit exceeds the corporation's tax liability, Iowa
refunds the excess with interest unless the corporation elects to
apply the credit to its liability for the following year. The Min-
nesota credit is 12.5 percent of the first $2 million (and 6.5 per-
cent of additional expenses) of the excess of qualified expenses
over base-period expenses incurred for research conducted within
the state. The Wisconsin credit is 5 percent o:Uhe

9
corporation's
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qualified expenses incurred by research conducted within the
state. Wisconsh. also proVides a 5 percent credit for the purchase
of research equipment or construction of facilities to house it.

Idaho allows a credit of 50 percent of the aggregate amount of
charitable contr!butions to institutions of higher education within
the state during the year, but not exceeding 10 percent of the
corporation's total Idaho tax liability or $500, whichever is less.
Indiana also allows a credit of 50,perc.nt of the aggregate amount
of contributionS during the year to institutions of higher education
within the state, but not exceeding the corporation's tax liability
minus all other credits, or 10 percent of the corporation's total
adjusted gross income, or $1,000, whichever is less.

North Dakota allows a credit of 50 percent of charitable con-
tributions to nonprofit private institutions of, higher education
within the state or to the North Dakota independent college fund,
but not exceeding 20 percent of the corporation's income tax, or
$2,500, whi6hever is less.

Louisiana allows corporations to elect a credit, in lieu of a
deduction, for contributions of computer equipment to educa-
tional institutions within the state. The credit is 40 percent of
the equipment's value or the corporation's total tax liability,
whichever is less.

R&D LIMITED PARTNERSHIPS

Research and development limited partnerships are a source of
risk capital that may permit individual investors to support aca-
demic research programs while sheltering some of their own
income: Investors can take current deductions for qualifying
research expenditures; subject to certain conditions, they can pay
tax at capital gains rates rather than ordinary income rates on
royalties or on the sale of patent rights or patentable property.

An R&D limited partnership may include a.aartner (which
couldbe a university) that contributes ideas or potential products,
while other partners contribute capital to finance the necessary
research and development. The university need not become a
partner, but could license or assign inventions or know-how to the
partnership for lump-sum cash payments or royalties. The part-
nership could contract with the university to perform research
whether or not the university had previously provided anything to
the partnership.

The partners would share the income from the sale or licensing
of products or patents developed. Royalties or capital gains re-
ceived by the university would not belAnrelated business income,
nor would fees paid to the university for research performed.
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R&D limited Partnerships in which the university is a partner
potentially have"severaf diadvaritages:

Much university research-is' more basic than is required for
a partnership making.higli=risk investments in the hope of
commercial return.

°The law in:this area is still unsettled in many respects,
ikluding.issues of-potential liability.
.-1-.`,Aliriiited partnership offering . a securities offering
governed by fecieral'Adstate-law andxegulationS. Legal fees,
'brokerage-cornmissidiS:and general partners' fees are substantial.

. R&D credits by'ERTA for contract,; are,
not available to a.partnership unless

..
engagedin a trade or

business,IntendSrto-USe the products developed in-that trade or
business, and doeS not intend to.transfer the produCti for license
or royalty payments. To be considered engaged in a trade or
business,:the:partnership must be soliciting customers to,purchase
a product or 'service, but most partnerships do not solicit cus-
tomers until after they have developed a product or service.

R&D.IIthited partnerships have,not been widely embraced by
the academia,Community, although they have attracted a good
deal-of interest. The-stUdy team' encountered no instances of
universities' haVing-Procured'scientific equipment through R&D
limited parinerihipt.

LEASING

For-profit entities that lease equipment to colleges and
universities may be able to take advantage of the accelerated
depreciation (ACRS) provisions introduted by ERTA to shelter
from taxes a part of their income from leasing. (See Chapter 4
for detailed discus ion of leasing.) Investment tax credits are not
available, however, to for-profit entities that lease to colleges
and universities, which is a strong disincentive for such arrange-
ments.

The Tax Reform Act of 1984 reduced the accelerated depre-
ciation benefits previously available to lessors by increasing the
number of years for depreciating equipment leased to colleges and
universities and by providing that the equipment be depreciated
using the straight-line method. The act excludes leasing arrange-
ments for specific types of equipment from the new constraints.
Certain high-technology equipment--including computers and
peripheral equipment, sophisticated telephone station equipment
installed on campus, and advanced medical equipment--can be
depreciated by the lessor using normal ACRS rules if the lease
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:period,is,fiveiyears or Jess. If the lease period is more than five
Years, depreciation is on a straight-line basis Over five years.

DEVELOPING.A DONATION STRATEGY

Donation transactions examined during this study (Appendix 3)
suggest a number of actions that.could help colleges and univer-
sities to obtain donations of scientific.equipment.. In particular, it
appears that involvernent of academic representatives,(e.g devel-
opment bffice.People, department heads,and,principal investiga-
tori)ivith their tounterpaits improspectivedonor companies is
vital, to building,ihe relationships needed tp Obtain regular con -
tributions, In addition, colleges and universities that wish f6.
develop donation strategies might consider' the following,

R

activities:
, ,

Target the manufaCturers of equipment moSt needed by the

Prepare a description of the university's plans for using the
equipment for presentation to prospective.donors. The
descriPtion,shouid indluae,information such as the research
planned and the number and backgroimd of students,and faculty
who Nyill,benvolved. In this respect, many, companies expect to
receive a written proposal before donating equipment.

Prepare a description of the mutual benefits of donating
equiPment. These benefits include the long-range value of
strengthening the research and academic programs of the
university. More immediate benefits for prospective donors would
includei

4esearchprograms,that are making scientific advances
in which the donor is interested.

-Introduction of the donor's products'to potential buyers.
-Students, as potential employees.
-Federal and state tax inCentives that reduce the total

cost of donating equipment.
-Feedback fr6m students and faculty as a source of

product improvement and development.
-Willingness of academic investigators, to permit donors to

demonstrate to potential customers the use being made of their
equipment and the scientific advances being obtained with it.

RECOMMENDATIONS

The effects of ERTA have been studied extensively almost
since its passage; primarily with a view to deciding whether the

6
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R&D tax credit should be extended beyond its statutory expiration
date, December'31, 1985, and'in what form.5'8 Although many
believe that the'tax credit has.a positive effect, these studies
have not produced dear -cut answers for several reasons: the act
has been in effect-only since "August 1981; its effects are entan-
gled with'other economicsarlables in a complex manner; and the
uncertain future of the act may have skewed its effects.

'Thee:caminatiOn of ERTA also has produced views on the
valueof the equidment-donation deducton,. which is permanent
under the' act. The Counall for Financial Aid to Education, as
noted eallier,'believes that ERTA has contributed significantly to
corporate giving of scientific equipment to academe. Similarly,
the National Science Foundation has said that both the R&D tax
credit and`the deduction for donations of equipment "apparently
have helped to stimulate the recent surge of industry support for
university science and engineering."9

The consensus appears to be that ERTA, suitably modified
should indeed spur technology, in part by fostering support for
academic research and scientific equipment. We agree with this
view. We believe also ,nat colleges and universities could seek
more aggressively to capitalize on available tax benefits, federal
and state, in soliciting donations ..1 equipment.

We recommend...

1. That industry take greater advantage of The tax benefits
provided by the Economic Recovery Tax Act (ERTA) of 1981 for
companies that donate research equipment to universities and
fund academic research. Universities' experience with industry
indicates that company officials may not be fully aware of the
benefits available, although company tax specialists generally are
well informed.

2. That universitiez seek donations of research equipment
more aggressively by developing strategies that rely in part on the
tax benefits available to donors. Sound strategies would stress
both federal and state tax benefits as well as other important
benefits to both donor and recipient.

3. That Congress modify ERTA so that...
...equipment qualified for the charitable donation deduction

include computer software, equipment maintenance contracts and
spare parts, equipment in which The cost of parts not made by the
donor exceeds 50 percent of the donor's costs in the equipment,
and used equipment that is less than three years old. Computers
are properly viewed as computing systems, which are incomplete
without software. Maintenance of scientific equipment is costly
to the point where universities have declined donations of equip-
ment because they could not afford to maintain it. Makers of
sophisticated equipment rely primarily on their technologicai
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knowledge, not their ability to make parts. Thus the limit on
parts from outside suppliers is unrealistic, provided that the
manufacturer is in fact in the business of developing and making
scientific equipment.

..,the pL,JVISIOnS on the R&D tax credit'am made permanent,
with revision to create an additional incentive for companies to
support basic r...:earch In universities. Equipmerit acquired under
research contracts qualifies for the credit, but ERTA currently
provides the sathe,incentive for companies to contract for re-
search in academe as for research by other qualified organizations.

...the social and behavioral sciences are made qualified fields
of academic research in terms of the equipment donation deduc-
tion and the R&D tax credit. The social and behavioral sciences
contribute to the application and utilization of science and tech-
nology, and they rely increasingly on research instrumentation.

...qualified recipients of equipment donations and R&D fund-
ing, In terms of ERTA tax credits, Include research foundations
that are affiliated with universities but remain separate enti-
ties. Some state universities have established such foundations to
receive and dispose of donated equipment because they cannot
dispose of it themselves without legislative consent.
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Appendixes

APPENDIX A: R&D EXPENDITURES AT UNIVERSITIES AND
1953-1983

State/
Fed. Local Indus- Inst. All

FY tal Govt. Govts. try Funds Other

Current Dollars in Millions

1953 255 138 37 19 35 26
1954 290 160 42 22 38 28
1955 312 169 47 25 41 30
1956 372 213 53 29 43 34
1957 410 229 60 34 49 38

1958 456 254 68 39 53 42
1959 526 306 76 39 58 47
1960 646 405 85 40 64 52
1961 763 500 95 40 70 58
1962 904 613 106 40 79 66

1963 1,081 760 118 41 89 73
1964 1,275 917 132 40 103 83
1965 1,474 1,073 143 41 124 93
1966 1,715 1,261 156 42 148 108
1967 1,921 1,409 164 48 181 119

1968 2,149 1,572 172 55 218 132
1969 2,225 1,600 197 60 223 145
1970 2,335 1,647 219 61 243 165
1971 2,500 1,724 255 70 274 177
1972 2,630 1,795 269 74 305 187

1973 2,884 1,985 295 84 318 202
1974 3,023 2,032 307 96 370 218
1975 3,409 2,288 332 113 417 259
1976 3,729 2,512 364 123 446 285
1977 4,067 2,726 374 139. 514 314

1978 4,625 3,059 414 170 623 359
1979 5,361 3,595 470 193 730 374
1980 6,060 4,094 494 236 829 409
1981 6,818 4,559 540 288 983 448
1982 7,261 IR749 586 326 1,098 503
1983 7,74Y 4,960 599 70 1,231 585

.$ j 4
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COLLEGES BY YEAR AND SOURCE OF FUNDS: FISCAL YEARS

State/
Fed. Local Indus- Inst. All

FY Total Govt. Govts. try Funds Other

Constant Dollars in Millions

1953 427 231 62 32 59 44
1954 480 265 70 36 63 46
1955 509 276 77 41 67 49
1956 591 338 84 46 68 54
1957 628 351 92 52 75 58

1958 682 380 108 58 79 63
1959 772 449 112 57 85 69
1960 929 582 122 57 92 75
1961 1,084 711 135 57 99 82
1962 1,267 859 149 56 111 92

1963 1,490 1,047 163 57 123 101
1964 1,738 1,250 180 56 140 113
1965 1;967 1,431 191 55 165 124
1966 2,228 1,639 203 55 192 140
1967 2,418 1,774 206 lAU 228 150

1968 2,611 1,910 209 67 265 160
1969 2,582 1,857 229 70 259 la
1970 2,565 1,809 237 67 267 181
1971 2,615 1,803 267 73 287 185
1972 2,630 1,795 269 74 305 187

1973 2,761 1,900 282 80 304 193
1974 2,698 1,813 274 86 330 195
1975 2,767 1,856 269 92 338 210
1976 2,828 1,905 276 93 338 216
1977 2,889 1,937 266 99 365 223

1978 3,077 2,035 275 113 414_ 239
1979 3,280 2,199 288 118 447 229
1980 3,412 2,305 278 133 467 230
1981 3,490 2,334 276 147 503 229
1982 3,469 2,269 280 156 525 240
1983 3,559 2,279 275 170 566 269

SOURCE: National Science Foundation, Academic Science/
Engineering: R&D Funds Fiscal Year 1982 (Washington,
D.C., 1984); and preliminary data for 1983.



APPENDIX B: CURRENT FUND EXPENDITURES FOR RESEARCH EQUIPMENT AT UNIVERSITIES AND
COLLEGES BY SCIENCE/ENGINEERING FIELD AND SOURCE OF FUNDS: FISCAL YEARS 1982 AND 1983

(Dollars in Thousands)

Field
Total Federally Financed Nonfederal

1982 1983
Percent

1982 1983 Change
1982-1983

1982 1983
Percent
Change
1982-1983

Total 408,498 435,402 266,738 273,076 2.4 141,760 162,326 14.5

Engineering 65,861 75,171 43,220 48,837 13.0 22,641 26,334 16.3Aeron. Sc Astron.
Chemical
Civil

2,284
6,442
5,164

2,837
6,172
6,086

1,376
3,821
2,823

2,100
3,559
3,422

52.6
-6.9
21.2

908
2,621
2,341

737
2,613
2,664

-18.8
-.3

13.8

ol
c)c)

Electrical 18,454 20,685 14,058 14,516 3.3 4,396 6,169 40.3Mechanical 7,390 10,008 4,208 6,563 56.0 3,182 3,445 8.3Other, NEC 26,127 29,383 16,934 18,677 10.3 9,193 10,706 16.5

Physical Sci. 78,126 79,153 62,642 62,137 -.8 15,434 17,016 9.9Astronomy 5,127 4,243 3,941 3,465 -12.1 1,186 778 -34.4Chemistry 33,323 32,826 24,927 23,632 -5.2 8,396 9,194 9.5Physics 33,189 35,673 28,527 29,588 3.7 4,662 6,085 30.5Other, NEC 6,487 6,411 5,247 5,452 3.9 1,240 959 -22.7

Environ. Sci. 28,321 31,123 18,423 19,643 6.6 9,898 11,480 16.0Atmospheric 4,536 5,025 3,287 3,617 10.0 1,249 1,408 12.7Earh: Sci. 10,536 11,584 6,314 6,609 4.7 4,222 4,975 17.8
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0)

Oceanography
Other, NEC

Math/Comp. Sci.
Mathematics
Comp. Sci.

Life Sciences
Agric. Sci.
Biol. Sci.
Medical Sci.
Other, NEC

Psychology

CT1Social Sci.w
I Economics

a.' Port. Sci.1

Sociology
Other, NEC

Other Sci. NEC
Co3

8,879
4,370

15,228
2,556

12,672

199,574
38,921,
75,889
78,809
5,955

5,784

7,143
1,704

765
2,056
2,618

8,461

10,928
3,586

18,177
2,668

15,509 ,

206,587
3,8,813
75,155
85,942

6,677

6:526

8,938
1,911
767

1,462
4,798

9,727

6,000
2,822

9,832
1,617'
8,215

120,189
11,706
53,183
51,547
3,753

4,219

2,907
674
312
948
973

5,306

6,837
2,580

11,705
1,476

10,229

117,342
10,746
51,041,
51,546
4,009

4,753

2,912
728;
319
939
926

5,747

13.9
-8.6

19.1
-8.7
24:5

-2.4
-8.2
-4.0

.0
6.8

12.7

.2
8.0
2.2
-.9

-4.8

8.3

2,879
1,548

5,396
939

4,457

79,385
27,215
22,706
27,262

2,202

1,565

4,236
1,030

453,
1,108
1,645

3,155

4,091
1,006

6,472
1,192
5,280

89,245
28,067
24,114,
34,396
2,668

1,773

6,026
1,183

448
523

3,872

3,980

42.1
-35.0

19.9
26.9
18.5

12.4
3.1
6.2

26.2
21.2

13.3

42.3
14.9
-1.1

-52.8
135.4

26.1

NEC, not elsewhere classified.

SOURCE: National Science Foundation, Academic Science/Engineering: R&D'Funds Fiscal Year 1983 (In press),
Preliminary Table B-60.

607



602

APPENDIX C: FEDERAL INSTRUMENTATION PROGRAMS

Prograrnqitle Description

Department of Defense:
'0004Uniyersity Research,
iriStitiMentation Program

Five-year program to upgrade
university;research instru-
inentatiOn sponsored by Army

,Research 0IfiCe, Office of
Naval Research, and Air
Force Office of Scientific
Research,, .;

-Progiain.goal4

To stimulate and support
basic research that fur-
thers.the ;technological
goals of DOD.

- To support the training of
gracluatestudentStin.theUse)
oftesearch,equipment.

Requests are not cOnsideed fer
instrumentation with'a total
costto DOD otless than:
$50,000 OrIn'ore than $500,000.

Requestilor specialized re-
search configurations of
comPuters.that aredevoted
primarily, to specific DOD
research-pi-ogiams are con-
sidered,prOvided that the total
government contribution to the
purchase cost of, thecomputer
equipment.does not -exceed
$300,000.;
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University Matching Annual Volunie of Funding

Matching is encouraged
but is net required
andis not induded in
the criteria used for
evaluating proposals.

DOD funds awarded cannot
be used for buildings or
facilities modification,
although such costs when
borne by the university
or other funding source
may contribute to
matching.

Set-up costs may be
included, but costs, for
continued operation and
maintenance must be met
by normal research sup-
port mechanisms.

53-277 0 - 86 - 20

.=
Fiscal year 1983 was Phase
I of the program. Thirty
million dollars was allo-
cated equally among the
three armed services for
each year of the program.

- 2,500 proposals were
received totaling
$645 million in
funding requests.

- 200 awards were made
to more than 80
universities.

Fiscal years 1984 and
1985 comprise Phase H.
Sixty million dollars
will be equally distri-
buted over the two years.

6 0 9,
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Agency, Program Title Description

Department' (A Energy:
University Itesearch
Instrumentation
Program

National Science
Foundation:
Astronomical
Instrumentation and
Development
Program

61 0

Program goal is to stimulate
and support basic research
in those universities with
existing DOE support.

Funds are provided for acquisi-
tion costs of instruments.
Costs of renovation and
installation, operation and
maintenance, service contracts,
and technical support are not
provided.

The usable life span of the
equipment must be estimated
and the institution's plans for
ensuring its continued availabil-
ity during the first five years
must be demonstrated.

Program provides support for
development and construction
of state-of-the-art detectors
and data-handling equipment,
procurement of detection and
analysis systems for telescopes
at institutions that presently
lack such systems, development
of interactive picture-
processing systems, very long
baseline interferometric
instrumentation, and applica-
tion of new technology and
innovative techniques to
astronomy.
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University Matching Annual Volume of Funding

No specific fraction of
matchiq 'is specified,
but the level match-
ing will be a factor
in the evaluation of
applications.

Matthing can include
shippkiiriStallation
and/or the 'renovation/
modificatioil of the
,physical.space where the
instrument will be located.

Matching is not
required.

Five-year program pro-
jected to last through
1989.

Fiscal year 1984 funding
was $4 million.

Fiscal year 1985 funding
is $6 million.

Fiscal year 1981 funding was
$5.9 million.

Fiscal year 1982 funding was
$6 million.

Fiscal year 1983 funding was
$6.7 million.

Fiscal year 1984 funding was
$9.6 million.

Fiscal year 1985 funding is
$7.9 million.

6
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Agency, Program Title Description

National Science
Foundation:
Biological
Instrumentation Program

National Science
Foundation:
Chemical
Instrumentation
Program

612

Program provides funds for
purchase of multiple-user
instruments in physiologi-
cal, cellular, and molecular
biology.

Program supports the devel-
opment of new instruments that
will either extend current
instrument capability in terms
of senr:tivity of resolution or
will provide new and alter-
native techniques for detection
and obseevation of physical or
biological phenomena.

Funds will not be provided
for space renovation, in-
stallation, maintenance
contracts, technical per-
sonnel, and operation of
commercial instruments.
However, the university must
describe how maintenance and
operation costs will be met.

Personnel and shop costs may
be requested for instrument
development and construction.

Program provides aid to
universities and colleges in
acquiring major items of
multiuser instrumentation
essential for conducting
fundamental research in
chemistry.
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University Matching Annual Volume of Funding

Matching is required.
The exact amount (in the
range of 25 to 50 percent)
is negotiated with the
university.

Renovation of space and
maintenance are accept-
able as part of the
university's matching
only if accompanied
by part of the purchase
price.

Matching is required,
but the amount varies.
In fiscal year 1984 the
university share was
33 1/3 percent.

Fiscal year 1983 funding
was $5 million.

Fiscal year 1984 funding
was $6.2 million.

Fiscal year 1985 funding
is $7.4 million.

Fiscal year 1980 funding
was $4.2 million.

Fiscal year 1981 funding
was $4.6 million.

Fiscal year 1982 funding was
$4.1 million.

Fiscal year 1983 funding was
$6.4 million.
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Agency, Program Title Description

National Science Program does not normally
Foundation: provide support for per -
Chemical sonnel, indirect costs,
Instrunientation installation, or operating
Program costs. When such support is
(continued) necessary during the instal-

lation and start-up period for
complex instrumentation,
detailed jestification must be
provided.

The university must provide
information on the annual
budget for maintenance and
operation of the proposed
instrument, other research
support services and total
operating budget, and tech-
nical support staff and main-
tenance expertise provided by
the department. Proposals are
evaluated on the basis of the
ability of the department to
ensure that the instrument will
be well maintained and effi-
ciently used.

National Science Program provides support for
Foundation: purchase of special-purpose
Computer Research equipment for computer re-
Equipment Grants search. The equipment must

be necessary for the pursuit
of specific research projects
rather than intended to provide
general computing capacity. It
must be needed by more than
one project and difficult to
justify for one project alone.
The total cost must be at least
$10,000.

61
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University Matching Annual Volume of runding

Universities must provide
a minimum of 25 percent of
the cost of the equipment
and-first -year main-
tenance as matching.

Fiscal year 1984 funding
totaled $10.2 million.

$1.3 million went to
small schools with
primarily undergraduate
programs.

$80,000 was for a new
program that provides
funds to universities in
states that have not
fared well in funding.

$2.2 million was for
regional instrumentation
facilities.

Remainder of funding
was for Ph.D.-granting
institutions for equip-
ment over $50,000.

Fiscal year 1985 funding is
about $10.2 million.

Fiscal year 1980 funding
was $2 million.

Fiscal year 1981 funding
was $1 million.

Fiscal year 1982 fun:ling was
$1.2 million.

Fiscal year 1983 funding was
$1.2 million.

Fiscal year 1984 funding was
$1.4 million.
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Agency, Program Title Description

National Science
Foundation: .

Computer Research
Equipmept Grants
(continued)

National Science
Foundation:
Earth Sciences
Research Instrumenta-
tion Program

Funds for maintenance during
the first year may also be
requested.

The university must provide
a detailed plan for the
maintenance and operation
(vidc0) of the instrument
including the annual Mdc0
budget that the department
will allocate.

Program is intended to meet
the need for specialized
equipment that commonly is
too expensive a, of too
broad a potential use to be
justified by a regular research
proposal.

Program provides funds to
purchase major research
equipment, renovate and
upgrade existing equipment,
and develop new instruments
that will extend current
research capabilities. Sup-
port may be requested for
regional facilities to provide
access to large.items of equip-
ment by a broad segment of the
research community.

Personnel and shop costs may
be requested for equipment
development and construc-
tion. The costs of space
renovation, installation,
maintenance, technical per-
sonnel, and operation of
commercial equipment ordin-
arily are not supported.



University Matching Annual Volume of Funding

No*specific fraction of
matching is specified,
but the university
contribution is a deter-
mining factor: in the award.

The university is encour-
aged to assume the costs
of space renovation,
installation, and main-
tenance as matching
in addition to part of
acquisition cost of
the instrument.

Fiscal year 1985 funding
is about $1.5 million.

Prior to 1983, funding
was variable with most
money coming from small
rer'arch projects.
Funding fcr fiscal years
1980 to 1982 was about
$750,000 per year.

Fiscal year 1983 funding
was $2.5 million.

Fiscal year 1984 funding the
was $5 million.

Fiscal year 1985 funding
is $5 million.
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Agency, Program Title

612

Description

National Science
Foundation:
Earth Sciences
Research Instrumenta-
tion Program
(continued)

National Science
Foundation:
Engineering-Automation
Instrumentation and
Sensing Systems
Program

National Science
Foundation:
Engineering Research
Equipment Grants

The university must describe
the provisions for maintenance
of the equipment or facility
and the source of funds to meet
the costs of maintenance and
operation. The ability of the
institution to operate and
maintain the equipment is a
determining factor in the award.

New program that supports
research in instrumentation
for all engineering disciplines.
The scope will cover everything
from fundathental research on
instrumentation questions to
research leading to develop-
ment of instrumentation and/or
proof of concept.

Program provides funds to
purchase new equipment or to
upgrade existing equipment.
The equipment should be neces-
sary for pursuit of specific
research projects in areas
normally supported by the
engineering directorate.

Funds are not provided for
space renovation, installation,
maintenance contracts, and the
operation of commercial
instruments. However, the
university must provide a
detailed statement of its
intention to provide



University Matching Annual Volume of Funding

Matching is required,
but is negotiated on a
case-by-case basis. The
university share is
expected to be at least
33 1/3 percent of the
total cost of each item
of equipment.

Fiscal year 1980 funding
was $2.86 million.

Fiscal year 1981 funding
was $1.8 million.

Fiscal year 1982 funding
was $1.9 million.

Fiscal year 1983 funding
was $3.9 million.

Fiscal year 1984 funding
was $7.3 million.

Fiscal year 1985 funding
is about $7 million.

Op,
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Agency, Program Title Description

National Science
Foundation:
Engineering Research
Equipment Grants
(continued)

National Science
Foundation:
Materials Research
Instrumentation
Program

National Institutes
of Health Division
of Research. Resources:
Research Support
Shared Instrumentation
Grants Program

these facilities, if required.
The ability of the university
to provide essential supporting
facilities and maintenance is
a determining factor in the
award.

Program provides support for
purchase of major instruments
needed for materials research
and for development of new
instruments that extend current
measurement capability.

Costs of space renovation,
installation, maintenance con-
tracts, technical personnel, and
operation of commercial instru-
ments ordinarily are not sup-
ported. Personnel and shop
costs may be requested for
instrument development and
construction. The ability of the
university to operate and main-
tain the instrument and the ade-
quacy of shop and electronics
support are determining factors
in the award.

Program began in 1982 in re-
sponse to recognition of the
long-standing need in the
biomedical research commun-
ity to cope with rapid tech-
nological advances in
instrumentation and the
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University Matching Annual Volume of Funding

Matching is required,
but no specific frac-
tion,is specified.
The level of funds pro-
vided by theuniversity
is a determining factor
in.the award.

'Assumption by the uni-
versity'of costs of
space renovation,
installation, main-
tenance contracts,
and technical personnel
is encouraged.

Matching is not
required.

Fiscal year 1983 funding
was $4 million.

Fiscal year 1984 funding
was $6.5 million.

Fiscal year 1985 funding
is $6.5 million.

Fiscal year 1982 funding
was $3.7 million.

Fiscal year 1983 funding
was $14.million.

Fiscal year (984 funding
was $19.7 million.



616

Agency, Program Title Description

National Institutes
Health Division
of 'Research. Resources:
Research Support
Shared Instrumentation
Grants Program
(continued)

National Institutes of
Health Division.of
Research Resources:
Biomedical Research
Technology/Program

rapid rate of obsolescence of
of existing equipment.

Program is a subprogram of
the Biomedical Research
Support Grant, and supports
instrumentation used by three
or more investigators.

Program provideS funds to
purchase cirupdate expensive
shared-use equipment' which is
not generally available through
other NIH mechanisms. Maxi-
mum award is $300,000.

Program funds the acquisition
of equipMent only. The nstitu-
tion must meet those costs
required to place the eqUiPment
in operational order as well as
maintenance; support person-
nel, and service casts. If the
funds requested donot cover
the total cost of the instr u-
ment, an award will not be
made unless the remainder of
the funding is assured. The
institution's ability to provide
continued maintenance of the
equipment is a determining
factor in the award.

Program funds regional and
national shared instrumen-
tation centers. Its purpose
is to develop and provide
access to very sophisticated
instrumentation and
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University Mat Ching Annual Volume of Funding

t

Matching is ,not, required,
although some institu-
tional contribution
is encouraged:

Fiscal year 1985iunding
is $31.8 million.

Fiscal year 1980 funding
was $15 million:

Fiscal year 1981 funding
was $r6.8. million.
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AgenciiiiPtiogran? Title Description,.

.!National:Institutes .of
Health Division of
Research ResoUrCes:
Biomedical Research
Technology Program
(continued)

National Institutes
of Health Division
of Research Resources:
Minority Biomedical
Research Support
Program

technology needed to solve
basic biomedical and
clinical research problems.

These resources include core
research programs for instru-
ment and methods develop-
ment, collaborative research
programs, and programs
providing service for users in
biomedical research. The
program provides funds for
initial instrument purchase and
installation. The grant pays the
full cost of the core research
not otherwise supported and
supports aspects of the program
required to provide access to
outside users, such as per-
sonnel, maintenance, and
supplies.

Awards exceed $300,000, the
ceiling for the BRS Shared
Instrumentation Grants
Program. The scope of the
Biomedical Research Tech-
nology Program is broader--its
facilities are located to maxi-
mize accessibility to a par-
ticular region rather than one
university or department.

Program provides, funds to
institutions having an MBRS
award for acquisition of new
equipment or upgrading of
existing equipment.



University Matching Annual Volume of Funding

Fiscal year 1982 funding was
$17.7 million,

Fiscal year 1983 funding Nas
$23.5 million.

Fiscal year 1984 funCI4 was
$31.4 million.

Fiscal year 1985 funding is
estimated to be $30.9 million.

Matching is not Fiscal year 1983 funding
required. was $1.3 million.

Fiscal year 1984 funding
was $1 million.
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Agency; Program Title Description

National Institutes
of Health Division of
Research Resources:
MinoritySiomedical
Research- Support
Program
(Continued)

National Institutes of
Health National Insti-
tute of General Medical
Sciences: Shared In-
strumentation Program

626

There is no limit on the
cost of instrumentation
requested; however, the
maximum award is $135,000.
When the total cost of the
instrument exceeds $135,000,
an award v;ill not be made
unless-the remainder of the
funding is assured.

Support for construction,
renovation, maintenance, or
personnel is not provided.
However, the ,Institution's
commitment to support of
operation and maintenance of
the 'instrument is a deter-
mining factor in the award.

Program was begun in 1978 to
provide funds for purchasing
new or updating existing
major analytical research
instruments that might not be
justified fully for a single.
project, but can serve several
projects on a shared basis.
Program go& r. are to provide
NIGMS grantees with better
access to modern instrumen-
tation and to promote the
diffusion of now techniques
among potential users.

The program provides funds for
instruments in the $30,000 to
$100,000 price range. When
funds exceeding that amount
are requested, the application
is passed automatically to the
DRR Shared Instrumentation
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University Matching Annual Volume of Funding

The university is expected
to demonstrate its commit-
ment to the instrument by
contributing at least half
the costs for maintenance
and technical support per-
sonnel. In addition, the
university must provide for
installation and any needed
renovation of existing
facilities.

Fiscal year 1985 funding
is $1 million.

Funding for fiscal years
1979 and 1980 was $9
million.

No awards were made in
fiscal year 1981.

Fiscal year 1982 funding
was $1.3 million.

Fiscal year 1983 funding
was $600,000.

Fiscal year 1984 funding
was $200,000.

Fiscal year 1985 funding
is $270,000.
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Agency, Program Title Description

National Institutes of
Health National Insti-
tute of General Medical
Sciences: Shared In-
strumentation Program
(continued)

628

Program.

The NIGMS program will con-
tribute to both instrument
maintenance and support
personnel. The amount of
funding extended for the
purpose is determined by
customary review groups.
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APPENDIX Ds ANALYSIS OF LOAN SUBSIDY PROGRAMS

The potential utility of a loan subsidy program for scientific
equipment is analyzed here in terms of hypothetical models and
cost comparisons. Our assumptions about cost components are
based on the experience of the Guaranteed Student Loan (GSL)
Program.* The category of special: allowance in the GSL program
is called; interest subsidy in this analysis. (The GSL category
named interest subsidy is the interest paid while the student is in
school and, hence, is not relevant to this analysis.)

We.examined three alternatives: loan guarantee, loan guaran-
tee with interest subsidy, and direct loan with low,interest. The
analysis uses the following assumptions:

Market interest rate is 14 percent.
Tax-exempt interest rate is 7 percent.
Interest subsidy' (the amount necessary to guarantee the

same rate as tax-exempt borrowing) is 7 percent.
Funding to be made available to the universities to purchase

R&D equipment is to be increased by $100 million, about 23
percent of total spending on academic equipment in 1983.

Administrative, insurance, and incidental costs of the loan
programs to the government approximate 22 percent of total
costs, which is the experience of the Guaranteed Student Loan
Program.

*Touche Ross (It Co., Study of the Costs and Flows of Capital in
the Guaranteed Student Loan Program Final Rert to the
Nation ommission on Student
(Washington, D.C., March 1983).

inancial ssistance
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LOAN GUARANTEE

Federal assistance in the form of a loan guarantee would
primarily, affect the credit rating of some universities, thus
increasing their access to capital and reducing their interest
expenses. This reduction, however, is likely to be relatively
small. In addition, a loan guarantee program is not likely to
increase total resources significantly.

LOAN GUARANTEE WITH INTEREST SUBSIDY

The loan guarantee with interest subsidy alternative was
designed to increase the total capital available to universities for
equipment, rather than to reduce the cost of debt for those
already,participating in the credit markets for that purpose. If an
interest subsidy reduces the cost of funds to below the tax-
exempt rate the strongestuniversities can obtain in financial
markets, they mightsubstitute federal loans for their own
money. Universities that are less solid financially, or are in
states that do not authorize the use of tax-exempt bonds for
equipment purchases, could thus be crowded out. In addition, the
total resources available to all universities might increase very
little, if atall. The interest subsidy in this alternative, therefore;
was pegged to achieve an interest rate roughly the equivalent of
the tax-exempt rate.

Amortization of a $100 million, five-year loan at 14 and 7
percent interest and calculation of the interest subsidy are shown
in Table D-i. re. subsidy is a residual of interest paents cal-
culated at 1 percent (assumed market rate) and 7 percent
(assumed tax-exempt rate) and discounted at 7 percent. The
interest subsidy would more than double if the repayment period
were increased to 14 years.

The relative proportions of the costs to the government in this
alternative are shown in Table 0-2, which is based partly on the
GSL program. As the table shows, the interest subsidy constitutes
77 percent ol the total cost. Administrative costs for the GSL
program tend to be relatively small, between 2 and 3 percent. It
is possible, however, that in a smaller program, such as a loan
guarantee with an interest subsidy, the administrative costs would
be somewhat higher. The overall increase in cost to the govern-
ment, nevertheless, should be uegligible. Federal reinsurance,
which accounts for 16 to 18 percent of cost in the GSL program,
might be lower in a program of loan guarantees with interest
subsidy, because most loans would be made to institutional
borrowers rather than individuals. A reduction of 3 percent would
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TABLE D-1 Amortization Table for $100 Million, Five-Year Loan

Year. Prindpa7 Payment Interest
Repayment of
Principal Balance

Annual Rate of 14 Percent

1 $100,000,000 $29,128,355 $14,000,000 $15,128,355 $84,871,645
2 84,871,645 29,128,355 11,882,030 17,246,325 67,625,320
3 67,625,320 29,128,355 9,467,545 19,660,810 47,964,510
4 47,964,510 29,128,355 6,715,031 22,413,324 25,551,186

25,551,186 29,128,355 3,577,166 25,551,166 (3)

Annual Rate of 7 Percent

1 $100,000,000 $24,389,069 $ 7,000,000 $17,389,069 $82,610,931
2 82,610,931 24,389,069 5,782,765 18,606,30 64,004,627
3 64,004,627 24,389,069 4,480,324 19,908,745 44,095,882 Ern
4 44,095,882 24,389,069 3,086,712 21,302,357 22,793,525
5 22,793,525 24,389,069 1,595,547 22,793,522 3

Year Difference in Payment Required
Present Discounted Value
(7 Percent Discount Rate)

1 $ 4,739,286 $ 4,429,239
2 4,739,286 4,139,476
3 4,739,286 3,868,669
4 4,739,286 3,615,579
5 4,739,286 3,379,045

Present value of payment difference stream
(interest subsidy) $19,432,008

SOURCE: Coopers & Lybrand.
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TABLE D-2 Cost to the Government of a $100 Million, Five-Year
Loan Program with Interest Subsidy

Cost (dollars) Percentage

Interest subsidy 19,432,008 77
Reinsurance 4,290,184 17
Administrative 504,727 2
All other. 1,009,455 4
Total gross 25,236,374
Total offsets 2,894,612
Net outlays 22,341,762

SOURCE: Coopers &Lybrand.

be expected to save the government $807,640 on a $100 million
loan program.

DIRECT LOAN PROGRAM

In the direct loan alternative, the government is assumed to
raise $100 million, which it then lends to universities at an inter-
est rate of 7 percent, the rate available in the tax-exempt debt
market. Compared with the loan guarantee with interest subsidy,
this alternative entails small additional transaction costs, to raise
the $100 million, and administrative costs, to manage the two
streams of payables and receivables. On balance, these additional
costs -are expected to be negligible.

The key finding of our projections for the direct loan alterna-
tive is that the present disdounted vi..lue of the cost to the govern-
ment is the same, $19,432,008, as for the loan guarantee with
interest subsidy described above, it the government borrows at
the 14 percent rate assumed for the previous projections (see
Table 0-1). The reason is that the actual amount of subsidy--the
difference between annual repayments from borrowers at a 7
percent rate, and the combined principal and interest (at 14
percent) falling due each year--is the same in both programs. If
thegovernment is able to borrow the $100 million at a lower rate
of interest (as it might well be able to do in the Treasury bill
market), then the direct loan program is the cheaper of the two.

The direct loan program does involve certain political
considerations. The first is that the additional government
borrowing would represent an increase in the national debt. The
increase is essentially cosmetic, however, as the amount borrowed
would be repaid, except for the intez st subsidy, as in the loan
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,-,-,
guarantee with interest subsidy program. The second considera-

, -,
-,, thin relates to who receives the,subsidies4rom the government.

In a direct loan program, it would be the investors in the Treasury
E...:,
'1 bill-market (àr isther lenders to the, government). In a loan

, Guarantee witlykterest subsidy program, the beneficiaries would
be the banks lending low-interest money to he universities by

:,. receiving federal payments, making total amounts received equal
to receipts from loans at market rates., -.

i--
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APPENDIX E: REPRESENTATIVE STATE REGULATIONS

Purchasing Controls

Californian

All contracts for purchase of
equipmentapproved by Dept.
of General Services.

Competitive procurement for
all purchases in excess of
$100.

Special approvals required
for data processing and
telecommunications equipment.

Act applies only to public
institutions.

Financing Controls

Higher education financing
authority finances facilities
and equipment for independent
institutions.

Public institution financing
for facilities may include
all equipment in original
construction or renovations.

Public institution financing
may incorporate reserves for
additions and improvements;
unclear if replacement may
be included.

Legislation introduced to allow
public institutions to participate
in pooled equipment issues.

..r 634

Utilization Controls

No formal controls.
General r luirements
of demonstrable public
purpose.

Joint public-private
ventures increasingly
com mon.
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l.k ,

Purchasing Controls Financing Controls Utilization Control s

California4continued

Public institution boards
have-delegated authority
to 'approve contracts up
to"defined limits.

Connecticut

All contracts by Dept.
of Admin. Services, unless
DASeuthorizes other state
agency; to acquire directly.

DAS established/equipment
standardization rules for
all agencies. .May author-
ize noncompetitive procure-
ment in emergencies.

_Competitive procurement required
-foopurchases above $6,000;

Legislation introduced for high
technology financing for public
and independent higher education.

Health & education facilities
authority finances equipment
and facilities for public and
independent institutions.

Equipment financing only as
incident to facilities
projects.

635

Public and independent
institutions may jointly
use any facilities and
equipment.

Extensive use of quasi-
public corporations for
ownership of property
both tangible and intel-
lectual.



Purchasing Controli Financing diSn'irols Utilization Controls

Connecticut (continued)

below $6,000 preferred; not
required-below $300.

Special ruleS for data 'proces-
sing and °similar" equipment
setby. DAS; but, may ,waive for
other, agencies.

Georgiag-

All equipment purchases
through Dept. of Admin. Ser-
vices,froncertifled.sources,
with preference for items
produced'In-state.

DAS set standard specifi-
cations for all,.equipment.

Public and independent
institutions have separate
higher education financing
authorities.

For private institutions,
equipment financed only as
part of original construction
or renovation.

636

No explicit limitations.

All property of public
universities vests with
Board of Regents but can
be alienated only with
approval of Governor.



Financing Controls Utilization Controls

Georgia Idontinued)

Competitive procurement except
if cost under $500 or contin-
uing procurement.

Technical instruments and
supplies exempted from most
purchasing controls, as is
acquisition from U.S. govt.

DAS administers statewide
telecommunications and EDP,
but universities exempted
from mandatory provisions.

Illinoisd

Purchasing carried out by
each public agency, except
'for specified categories.

For public institutions,
equipment may be separately
financed.

Educational facilities
authority finances facil-
ities and equipment of
independent institutions.

Higher Education Cooper-
ation Act encourages
interinstitutional coop-
eration; has been defined
to extend to cooperation
between institutions and
other public or nonprofit
entities.



Purchasing Controls Financing Controls Utilization Controls

Illinois (continued)

--"...,.Competitive procurement
required4or eqiiipment over
.$2,5.00; preferred for all.

Special.controls for leasing
of computer and telecommunica-
tions equipment.

Iowat

Board of Regents conducts
'purchasing for public
institutions.

EFA may issue pooled
equipment bonds.

Public institutions may
issue revenue bonds; other
financing through general
obligations of state.

Statutory limitation on term
of all contracts, including leases;
one-year maximum or appropriations
period, with some exceptions.

Capital development authority
finances public facilities,
including appurtenant equipment.

638
Financing of equipment at
public institutions only as
part:of facilities construc-
tion project.

Statutory limitations on
nonpublic use of equip-
ment.

No direct controls.



Purchasing Controls. Financing Controls Utilization Controls

Iowa ,fr.ontitiud4

Advertise competitively for
all.,ProCurements, in excess
of $25,060. competi-
tion for Other procurement.

Operating funds requisitioned
on as-needecibasis within
appropriated.sums.

Kentucky

Institutions may elect to
control own purchasing
bOurided by provisions,of
the state's Mo01 Procure-
ment Code.

Smaller 'institutions may choose
to use services of central stores,
if greater savings can be achieved
by having state order large quan-
tities of certain items.

No private institution financing
agency.

Institutions have responsi-
bility for financing of
capital projects.
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No state controls- -
institutions may have
authority to provide best
use of money for ser-
vices rendered and goods
purchased.



Purchasing, Contr, als

Marylandg

Centralized control for all
equipment acquisitions for
public institutions, through
Board of Public Works.

Preference for Maryland
suppliers.

Financing Controls Utilization Controls

Special rule for acquisition
of computers and software,
with additional approval steps.
(But legislation,introduced to
exempt' all cOrriputer proctitements
for aaad,ernic or researdh purposes.)

Competitive sealed bids for, Items
in excess of $750; agencies can
adopt "small procurement procedures"
for lesser.amoUnis.

Public institutions may
capitalize equipment and
finance through general
obligation bonds if useful
life in excess of 15 years.

No higher education facilities
authority for private institutions.
Some limited use of industrial
revenue bond authority for comparable
purposes.

Extensive development of joint
venture financing.

640

Strong statutory limita-
tions on public univer-
sity involvement in
for-profit ventures.
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PUrchasing Cant! Oli Financing Controls Utilization Controls

Maryland (continued)

Strict review.of equipment requi-
sition by BPW, With power to
recommend substitution of
"equivalents."

New*YorIch

Purchasing by individual
public system (State Univ.
of NY, CitrUniv. of NY,
statutory colleges, com-
munity college lists).

Purchases under $100 exempt
from competitive procurement;
up1o. $5,000 neednot adver-
tise for bids; beyond'$5,000
full competitive procurement.
State Univ. Const. Fund, and
CUNY and Dormitory Auth.
equivalents may exempt con-
tracts under $20,000.

Public financing agencies
(State Univ. Const. Fund
and City Univ. Const. Fund)
may finance equipment as well
as facilities.

State Dormitory Authority may
finance facilities 'for lease
to private institutions, with
appurtenant equipment.

841

Dependent upon public
system.



'Purchasing Controls Financing Controls Utilization Controls

'North.Carolinai

Secretary of AdminiStration
receiVes requisitiOns and
makes purchases on behalf of -
state agencies, exceptUniv.
of North Carolina and com-
munity Colleges.

Competitive sealed.bids for
all Purchases In excess of
$5,000; Advitory Budget Com-
mittee sets requirements for
lesser amounts.

Virginia/

All purchases made with
state funds must be by Dept.
of General Services.

642

Higher education facilities
authority proposed but
recently defeated in referendum.

Public financing includes
equipment appurtenant to
facilities project.

Higher education facilities
authority finances equipment
as part of facilities project,
but may allow acquisition of
equipmentfor "a period" after
construction is completed.

Extensive joint public-
private activity.

Extensive use of quasi-
governmental entities.

Statutory authority for
public institutions to
contract with private
institutions for ser-
vices and facilities.



'Purchasing Controls Financing Controls Utilization Controls

Virginia (continued)

DGS standardizes all pur-
chases and must grant waivers
for exceptions.

DGS may exempt purchases
below specified amount from
its direct control, and may
exempt classes of equipment.

DGS may authorize state agen-
cies to purchase directly;
has done so for most higher
education.

All contracts competitive,
with preference for Virginia
goods.

Agencies may set procedures for
noncompetitive procurement for
items less than $10,000, or
available from a sole source.

Industrial Revenue Bond Act
may be used to equip educa-
tional facilities (private),
separate from construction.

Public institution financing
of equipment as part of con-
struction project.

Legislation approved for
joint public institu-
tion-private sector high
tech R&D activities;
created Center for
Innovative Technology.
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ACal. Pub. Con. Code sections 10290-12121, 20650-20659; Cal. Educ. Code sections 81651-56, 81800-10,
24100-94213; Cal. Gov't. Code sections 11005, 13332-13332.16.
'Conn. Gen. Stat. Ann. sections 3-116a, 3-116b, 4-23j, 4-23k, 4-34, 4-36, 4-69 to 4-124, 10a-22, 10a-89,
Ida-98 to 10a-98g, 10a-110 to 10a-110g, 10a-126 to 10a-136, 10a-150, 10a-176 to 10a-198.
EGa. Code sections 20-3-53 to 20-3-60, 20-3-150 to 20-3-214, 50-5-10 to 50-5-11, 50-5-5C to 50-5-81,
50-5-160 to 50:-3-169, 50-16-81, 50-16-160 to 50-16-162.

Rev.'Stat. al. 172, sections 213.1 et seq., 307 et seq., 751 et seq.; ch. 144, sections 68 et seq.,
181 et seq., 351 et seq., 1201 et seq., 1301 et seq.
glowa Code Ann. ch. 262, ch. 262A, ch. 263A.
LICy. Rev. Stat. section 164.026; ch. 45A.
gMd. Ann. Code art. XII, sections 12-101 to 12-106; art. XVII, sections 17-101 to 17-107.

Educ. Law, tit. 1, art. 8 -A, sections 370, 376; tit. 7, art. 125, sections 6201, 6213; tit. 7, art. 125-B,
sections 6270,* 6275.
N.C. Gen. Stat. sections 116-53, 143-2 to 143-7, 143-49 to 143-56.

bia. Code sections 2.1-422 to 2.1-548, 11-35 to 11-80, 15.1-1373 to 15.1-1391, 23-9.10:3, 23-14 to 23- 30.03,
e 23-30.39 to 23-30.58.

SOURCE: Coopers & Lybrand.
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AtniaNDIX,3 ,RE:iiittSEN;Tkrflif, STATE STATUTES AUTHORIZING
THE ISSUANCE OF BONDS TO FUND HIGHER EDUCATION

FACILITIES,

State/Statutes

e "

Equipment Included
If Part of New

Construction or
Major Renovation

After-Acquired
Equipment,

InFludable as
Sepgtate Project

ALABAMA
Educational Building
Authorities Act, .Ala.
Code Sec. 16-17-1 to
.16-17-19 (1983)

ARIZONA
Industrial Development
Plans for-tvlunicipal-,
Aties andounties, Ariz.
4Rey. Stat. 'Ann. Sec.
9-1151 to 9-1196 (1983)

'CALIFORNIA
California Educational
Facilities Authority Act,
Cal. Educ. Code Sec.
94100-94213 (1983)

CONNECTICUT
Connecticut Health and
Educational Facilities
Authority, Conn. Gen.
Stat. Ann. Sec. 10a-176
to 10a-198 (1983)

DISTRICT OF COLUMBIA
Taxation and Fiscal
Affairs, D.C. Code Ann.
Sec. 47-321 to 47-334
(1983)

Yes

Yes

Yes

Yes

Y,es

No

Yes

Pending

Yes Yes
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State /Statutes

Equipthint Included
P.111 of New

COnstruction or
Major Renovation

FLORIDA'
Highe4duCatien'Facil-
ities 'Authority-Law,
-Fla. Stat. 'Ann. Sec.
243.18 = 243.40 (1983)

GEORGIA
Private Colleges and
Universities, Authority
Act, Ga. 'Code Ann. Sec.
20-3-200 to 20-3-214
(198); Georgia Educa-
tion Authority (Univer-
sity) Act, Ga. Code
Ann. Sec. 20-3-150
to 20-3-181 (1983)

ILLINOIS
Educational Facilities
Authority Act, Ill. Rev.
Stat. cn. 144, Sec. 1301-
1326 (1981); Board of
Regents Revenue Bond Act
of 1967, Ill. Rev. Stat.
ch. 144, Secs 351-363
(1983); Bonds for Perma-
nent Improvements at State
Educational Institutions
Ill. Rev. St?.t. ch. 127,
Sec. 307-313 (1983); Capi-
tal Development Bond Act
of 1972, Ill. Rev. Stat.
ch. 127, Sec. 751-765
(1983); State Colleges and
Universities Revenue Bond
Act of 1967, Ill. Rev.
Stat. ch. 144, Sec. 1201-
1213 (1983); lllinois
Building Authority Act, Ill.
Rev. Stat. ch. 127, Sec.
213.1-1 to 213.16k(11,83)

646

Yes

Yes

Yes
;

Af.er-Acouired
Equiptherit

Includable as
Separate Project

No

Varies**

Varies**
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State/Statuts

Equipment Included
U Part of New

Construction or
Major Renovation

After-Acquired
Equipment

Includable as
Separate Project

INDIANA
Indiana Educational
Facilities Authority
Act,Ind. Code Ann.
Sec.-20-12-63-1 to
20-12-63-29 (1983)

IOWA
State Universities
Buildings Facilities
and Services Revenue
Bonds, Iowa Code Ann.
Sec. 262A.1-262A,13;
Medical and ,Hospital
Buildings at Univer-
sity-of:Iowa, !owa
Code Ann. Sec.
263A.1-263A.11

KENTUCKY
Property and Buildings
Commission, Ky. Rev.
Stat. Sec. 56.440-
56.495

Yes

Yes

Yes

MINNESOTA
Minnesota Higher
Education Facilities
Authority, Minn.
Stat. Ann. Sec.
136A.25-136A.55 (1983) Yes

NEW JERSEY
:New JersOy: Education-
al ,Facilities Author-
itytaw, N.J. Rev.
Stat. Sec. 18A:172A-I
to 18A:72A.39 (1983) Yes

Yes.

No

No

Pending

No
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State/Statutes

Equipment Included
If Part of New
Construction or

Major Renovation

After-Acquired
Equipment

Includable as
Separate Project

NEW YORK
City University Con-
structipn Fund Act,
N.Y. Educ. Law Sec.
62704282; State Uni-
versity Construction
Fund Act, N.Y. Educ.
Law Sec. 370-384;
Board of Higher Educa-
tion in the City of
New York, N.Y. Educ.
Law Sec. 6201-6216;
New York Dormitory
Authority Act, N.Y.
Pub.Auth. Law Sec.
1675-1694

OHIO
Higher Educational
Facility Commission,
Ohio Rev. Code Ann.
Sec. 3377.01-3377.16

SOUTH CAROLINA
Educational Facilities
Authority Act for Pri-
vate Nonprofit Insti-
tutions of Higher
Learning, S.C. Code
Ann. Sec. 59-109-10
.to-59r1 09-180

Yes

Yes

Yes

Varies**

No

No

TEXAS
Higher Education
Authority Act, Tex.
Educ. Code Ann.
Sec. 53.01-53.46 Yes No

AAA

148.
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State/Statutes

Equipment Included After-Acquired
If Part of New Equipment

Construction or Includable as
Major Renovation Separate Project

VERMONT
Educational and Health
Buildings Financing
Agency, Vt. Stat. Ann.
tit. 16,Sec. 3851-3862 Yes No

VIRGINIA
Industrial Development
and Revenue B_ ond Act,
Va. Code Sec. 15.1-1373
to 15.1-1'391 (1983);,
Bonds and Other Obliga-
tions, Va. Code Sec.
23-14 to 23-30.03
(1983); Educational
Facilities Authority
ActI.Va. Code Sec.
23-30.39 to 23-30.58
(1983) Yes Yes

WASHINGTON
Washington Higher
Education Facilities
Authority, Wash.
Rev. Code Ann. Sec.
28B.07.010r28B.07.920
(1984); Wash. Rev.
Code Ann. Sec.
28B.10.300-
28B.10-335 (1984) Yes No

* Equipment acquired after construction of the facility.

** At least one, but not all, of the identified statutes in these states
extends to after-acquired equipment.

SOURCE: Coopers & Lybrand.
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APPENDIX-G: IOWA STATE UNIVERSITY
RESEARCH EQUIPMENT ASSISTANCE PROGRAM

THEBEGINNING OF REAP

The Research Equipment Assistance Program (REAP) at Iowa
State University (Isu) was developed in the early 1970s because of
a suggestion made by an advisory committee studying equipment
problems at the university. This committee believed that an
equipment -sharing andlOan program would make it easier for
faculty members contemplating projects involving equipment to
perform preliminary experiments. Implementation began with the
part -time efforts ofthe late Alfred J. Bureau, then Assistant
Professor of Physics, and Roger G. Ditzel, then Assistant to the
Vice-President for Research. As a result of initial studies, a
project was initiated in September 1972 to gatner information on
the use and availability of major research equipment at 4...e uni-
versity.

On Febtuary 1, 1974, the National Science Foundation Re-
search Management Improvement Program funded a research
proposal on this subject submitted by Iowa State Un;-,ersity. The
objective of this research was to develop and de-m Astrate a sys-
tem far improved utilization of high-value research equipment
that would increase research productivity. The functions involved
in the research program included (1) information gathering, (2)
inquiry processing based oh requests repreSenting equipment
.needs, (3) user education, (4) computer support, and (5) Main-
tenance, replacement, and storage requirement studies.

Through this study, it was determined that any equipment
assistance system should provide:

a means of identifying and locating usable, highly diversi-
fied research equipment to allow planned research to be con-
ducted without unnecessary new item purchases;

information on availability for use by others of equipment
items assigned to and used part of the time by one individual or
research unit;

a means of identifying unused equipment so that provision
can be made for proper storage and necessary maintenance;

a capability for knowledgeable decision making relative to
disposal of obsolete or high maintenance cost items; and

a means of retrieving problem-solving types of informa-
tion, for example, potential spare parts sources on the campus.

A boundary condition on any such system exists and must be
recognized in it$ structuring and implementation. That boundary
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is one of,acc,eptance by the university researcher. No matter how
sophisticated or well planned the system, it cannot succeed with-
out the overt cooperation of the majority of researchers. If re-
searchers perceive it as "taking their equipment away," they will
not, cooperate.

RESULTS OF THE RESEARCH PROJECT

As a result of the research project, investigators believed it
was possible and economically feasible to implement an equip-
ment information and sharing system to improve the productivity
of university research personnel. With proper structuring and a
low-key, nonthreatening introduction of a system designed to be
responsive to needs, it was thought that researchers would co-
operate and take advantage of the benefits offered.

When the grant period ended, over 2,500 items of research
equipment had been examined and cataloged, acceptance by ISU
researchers of the philosophy and mechanics of sharing had been
achieved, and four volumes of information on the developed
system, plus videotapes and slide shows, were made available to
other universities.

RESEARCH COMPLETED; REAP CONTINUES

Bec,:use of the successful findings of the research study, the
university has continued to support the f"EAP program since the
grant expired. The program is administded by the Office of the
Vice-President for Research. By. 1974, a central office was estab-
lished to serve as a communications center and focal point for the
program and was staffed by a full-time clerk. This office is pur-
posely located.inan education and research building and not in the
central administratiye buildiro. (It was felt that faculty members
might be more comfortable and willing to use the service if it
were in their own settin6.).

Thecentral,office handles all inquiries and information proces-
sing. An inquiry is defined as a request to the REAP central
office for assistance in relation to equipment. The inquiry may
relate to the need for equipment, spare parts, operating manuals,
help in definition of equipment needs to carry out a certain task,
etc. Inquiries may be satisfied by a loan of equipment from the
REAP office to the researcher's department, by a loan from one
department to arivtherl.by:researchers' sharing apiece of equip-
ment in the same,location, by finding,minor parts, by providing
information or manuals, or referring the inquirer to others who
have the.same equipment. Since the inception of the program,
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the rate of inquiries-has'greatly increased. The tabulation below
shows the total inquiries for the 12 years 1973-1984' and includes
theliumber of those inquiries satisfied or not satisfied. It has
been found that the high success rate in satisfying inquiries has
been a major factor in the positive image the REAP program
enjoys.

REAP Inquiries

Calendar Year
Total Number
Number Satisfied

Number
Unsatisfied

1973 42 33 9
1974 208 168 40
1975 395 335 60
1976 953 799 154
1977 2,236 1,754 482
1978 2,108 1,672 436
1979 1,924 1,724 200
1980 2,201 2,012 189
1981 2,322 2,175 147
1982 2,173 2,029 144
1983 2,021 1,904 117
1984* 1,445 1,412 33

*Includes nine months of data (January-September).

REAP CATALOG

One of the first goals of REAP was to generate a catalog of
existing equipment, with an estimate of the availability of the
equipment for loan or transfer. The June 1984 listing contained
nearly 10,000 items (each with an initial acquisition cost of $500
or more) having a total value of nearly $30 million. It is esti-
mated-that about 90 percent of all research equipment on campus
is recorded in the ccinputerized REAP catalog.

RESEARCH TECHNICAL ASSISTANCE GROUP

One function of the program that has proven to be excep-
tionally successful has been the capability,of providing expert
repair and calibration of most items of equipment. This has led to
the recent development, of a separate program known as the Re-
search Technical Assistance Group (RTAG). RTAG complements
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the repair service of other university, shops by offering minor
,repairS ofbalances, microscopes, nuclear c )unting systems, mass
spectrometersvgas chromatographs, spectrophotometers, and
electron microscopes. A major service is the diagnosing of equip-
ment prof lemS With subsequent referral to other university repair
shops.

SUCCESS OF REAP

Perhaps the ultimate testimony to the importance of REAP
was provided in 1978 by an "important notice" addressed to the
Presidents of U.S. universities by Richard C. Atkinson, then
Director of NSF. In it he called attention to the Iowa State REAP
system and recommended that others follow suit.

Theva!ue of REAP and its spin-off, RTAG, to Iowa State
University. is great. The number of inquiries alone proves that the
program is popular and heavily used. In terms of actual dollars
saved due to satisfied inquiries, records indicate that the REAP
program has saved the university nearly $4 million since it began
in 1973. In estimating equipment value as a benefit, the gross
value of the item is not used. Instead, the length of time of the
loan is taken into account and a "pro rata" value used, in order to
arrive at a realistic equipment benefit value. Any equipment on
loan for more than 100 days (which includes permanent transfers
as well) is assumed to have produced savings equivalent to the full
value of the equipment.

The following system is used based on acolisition cost or value
of the item:

three percent per day for a loan span of one to three days,
ten percent per week for a time span of four days to three

weeks,
thirty percent per month for a time span of three weeks to 3

1/3 months, and
one hundred percent for loans over 3 1/3 months.

For low-value items, a minimum transaction value of $5 is used.
This method for computing savings has been approved by the
General Accounting Office in Washington, D.C.

In addition to the savings mentioned above, many !ollars are
saved by RTAG's ability to make expensive equipment repairs
(which sometimes results in the elimination of expensive service
contracts).
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QUESTIONS

For furtherinformation regarding the REAP program at Iowa
State University, please contact Wayne Stens land, Manager,
REAP, 103 Phyilcs, Iowa State University, Ames, IA 50011
(telephone: 515/294-5536).

SOURCE: Vice-President for Research, Iowa State University
(October 1984).
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APPENDIX H: EXAMPLES OF DEBT FINANCING

EXAMPLE 1: REVENUE BOND ISSUE BY STATE UNIVERSITY

_Description

'Revenue bonds were issued by a state university to finance:

refunding of existing notes,
'Construction of new facilities at the university

hospital,
debt,service4.eserve.of the new issue, equaling the

maximum annual debt,service,
construction period interest, and
expenSes,incurred for bond issuance.

The bonds represent a limited obligation of the university
regents and are secured by the gros revenues of the hospital. The
bonds do not represent a debt obligation of the state.

Decision Factors

There are three main reasons why the university issued
long-term debt.

1. The university hospital's funding requirement was
substantial. The revenue bonds allowed the institution to
minimize its borrowing cost, raise the necessary capital, and
provide a debt repayment schedule that could be met out of
h)spital revenues.

2. The project was long term and included the construction of
new buildings. The bonds allow the institution to match the life
of the asset to the period over which the debt will be repaid.

3. During the past decade, the issuance of revenue bonds has
become the primary source of capital for construction projects
and major equipment purchases.

655-
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Terms

Amount of Issue: $11 ;000,000.

Period:

Interest Rate:

Additional Fees:

Security Required
by Lender:

Terms Required
by Borrower:

Type of Project:

Obligation

The total issue was for 30 years. How-
ever,' the individual bonds have matur-
ities scheduled annually over the 30
years. The university also has the
option to buy back the bonds from the
investor before the maturity date (i.e.,
early redeinption of bond).

Varies by bond dependent upot, the date
of maturity. Theinterest rate ranges
from 6.5 percent to 9.875 percent. The
interest rate on the bond is referred to
as the coupon rate.

The issuance cost of the bonds totaled
$3.5 million, which included financing
and related costs and original issue
discount.

A portion of the bond proceeds was
set aside to establish a debt service
reserve fund.

The bond represents a limited
obligation of the university and is
secured by the hospital's revenue.

Ambulatory care facility.

Features

The bonds are secured by the financial resources of the
hospital. The hospital is required to maintain certain financial
operating ratios, which would ensure that there are sufficient
funds to meet the bond debt service. The rate covenant states,

The hospital's annual net revenues (gross revenues minus
expenses) are at least 125 percent of the annual debt
service payrrIts (interest plus principal).
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If this ratio is not maintained, the university regents are respon-
sible for taking corrective action. The bonds will be serviced by
the revenues generated by thre institution and the debt service
reserve fund.

Security

The bonds are secured by the debt service reserve fund, .which
is'esteblished at the time the'bonds are sold. The reserve
contains sufficient funds to cover the maximum possible annual
debt service.

Preparation of Official Statement

The revenue bond statement presents detailed financial
information on the university and the hospital to demonstrate the
source of revenues tolootential Investors.

Additionally, a detailed financial feasibility study was pre-
pared for the construction project. These studies are used both to
demonstrate financial soundness to investors and, when necessary,
ieprovide required data for thee State Certificate of Need
process, through which state'health planning agencies control the
expansion Of health care facilities. In this study, the investor was
shown:

assessment of the need for hospital services in the area,
review of economic factors that would affect the success of

hospital operations,
review of forecasts for the hospital's utilization rates for

services, and
review of the financial forecasts, including the factors

influencing revenue and cost estimates.

EXAMPLE 2: REVENUE BOND POOL

Description

Revenue notes were issued by a state educational authority to
finance equipment purchases and rehabilitation projects for 15
private colleges within the state. The notes are limited obliga-
tions of the authority, payable only out of revenues and pledged
funds of the participating private institutions. The revenues
consist primarily of the loan repayments made by the colleges
according to their debt repayment schedule as stated in their
individual loan agreements with the authority.,7$
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Decision Factor

;Fifteen institutions participatedln the program.
Thelvdividual institutions' loans ranged from $17,745,000 to

$120,000 ;for a period of two to seven years. One institution, a
large private university, had the largest loan amount of $17.7
million for equipment acquisition and construction over a five-: to
seven-year period. Participation In the pool provided both large
and small Institutions access to tax-exempt debt. Generally, only
large instituIlons would be able to issue their own bonds because
of-their established credit ratings.

Terms

Amount of Issue: Total Issue was approximatey $50
million.

Period:

'-

Interest Rate:

Additional Fees:

Security Required
by Lender:

Terms Required
by Borrower:

Type of Equipinent:

The issue has maturities scheduled over
two- to seven-year periods as stated on
the individual bonds.

Varies by bond dependent upon the date
of maturity. The interest rate ranges
from 6.25 percent to 8.75 percent.
The interest rate on the bond is
referred to as the coupon rate.

The Issuance cost of the bonds totaled
$2 million, including basic issuance
cost, insurance, premium, and under-
writers' discount.

$5 million of the bond proceeds
were set aside to establish a debt
service reserve.

The participating institutions
enter into an individual loan agreement
with the educational foundation
authority.

Computers and other equipment for
research, telecommunications, and
energy conservation, and building
renovations.

_6.158
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Features

Administration

Each college or university enters into a separate loan agree-
ment with the authority. These loan agreements are based on the
useful life,of the college's equipment purchase and the college's
credit worthiness. The college is required to make semiannur.1
debt service payments to :the authority, reflecting principal and
interest payments, insurar-...e premium amortization, issuance cost
amortization, administrative cost, investment earnings shortfall,
and any other authority-required payment.

Credit Requirements

The 'participating colleges entered into three types of loan
agreements: (1) an unsecured general obligation to make debt
service payments; (2) a general obligation to make debt service
payments secured by real or personal property of the college; and
(3) a general obligation to make debt service payments secured by
real or personal property of the college, as well as a bank letter
of credit..

In this issue, the pool includes both colleges with strong credit
ratingi and those without any proven credit experience. The
three types, of loan agreements provide for the necessary credit
enhancements to obtain a favorable credit rating for the issue
without penalizing, financially stronger colleges with a higher
interest rate than these larger institutions would normally obtain
on an individual bond.

Evaluation Criteria

The authority and the insurer of the issue reviewed the indi-
vidual college's finawzial condition to determine eligibility in the
program. The colleges were required to maintain a minimum
two-to-one available assets to general liabilities ratio for the
latest fiscal year, as well as to generate, positive unrestricted
current fund earnings after expenditures and mandatory trans-
fers. Additionally, nonfinancial indicators were reviewed, such as
enrollinent data and trends.

Special --cosiderations

The insurer has committed to the issue an insurance policy
that will insure the payment of p.incipal 'Elf and interest on the
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bond. In the event there are not sufficient amounts available in
the debt service fund and the debt service reserve fund to make
debt service payments, the authority's trustee notifies the insurer
of the deficient amount, and the insurer is obligated to pay the
deficient amount according to the terms of the insurance policy.

EXAMPLE 3: INDUSTRIAL DEVELOPMENT BOND

Description

The industrial development bonds were issued by two county
development authorities to provide funds to the research foun-
dation for the construction of and equipment for a scientific and
technical research facility and the purchase of. an existing re-
search facility from a private corporation. The research foun-
dation, a state nonprofit corporation, has entered into a loan
agreement with each issuer, in which the issuers loan the bond
proceeds to the foundation for The research facility projects. The
loan agreements require the foundation to pay The prinepal,
premium (if any), and interest on the bonds, together with all
associated costs ancUekpenses. The foundation will lease the
fadilitieS to an affiliated research corporation of the state
university and to a private corporation. The lease to the private
corporation is incidental to the transaction with only a small
portion leased hi& to the corporation selling the facility as a
condition of the sale. These lease payments will be the revenue
source for the debt repayment. The university has planned to
fund its lease paymentS (i.e., bond retirement) entirely through
indirect. cost recovery.

Decision Factor

The university had considered raising the funds through a state
building authority. HoWever, 'he construction costs would have
been $25 per square foot higt.z:r under the state authority than
with the induStrial development bondi. Additionally, the state
building authority's finanding process oriented to academic
rather than'research projects; it is cumbersome and slow, with
numerous regulations. In issuing the industrial development
bonds, there is some risk if the federal government contests the
arms' length relationship bets een the university and the foun-
dation. However, in the instant case, the arm's length relation-
ship has been recognized by the government.
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Terms

Amount of Two Approximately $17.2 million and
I5sues: $7.3 million.

Period:

Interest Rate:

Additional Fees:

Security Required
by Lender:

Terms Required
by Borrower:

Type of Project:

The larger issue has maturities scheduled
over 1- to 20-year periods as stated on the
individual bonds. The smaller issue has
maturities varying over 10 years.

Varies by bond dependent upon the date
of maturity. The interest rate ranges
from 5.5 percent to 9.625 percent. The
interest- rate on the bond is referred to
as the coupon rate. Additionally, 1.25
percent of the amount of 103 percent
of outstanding bonds is payable annually
as a letter of credit fee.

The issuance cost of the bonds totaled
$696,000, including financing, legal,
printing, and miscellaneous expenses.
Legal fees alone were $90,000. The
first year's letter of credit fee was
$340,000.

As part of the debt service require-
ments, a sinking fund will be started in
year 13 for 'bonds maturing in year 20.
(Note: ik sinking fund represents an
accumulation of funds by the issuer
over-a period otime to be used for
retirement of -debt, either periodically
or at one time.) The letter of credit
bank required security interests in the
assets of the projects.

Though two counties issued the
ustrial development bond, the bonds

are to be repaid by the foundation.

The smaller issue was -Ised by the
foundation to purchase and renovate an
existing research complex consisting of
50+ acres of land and 130,000 square
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feet of office and laboratory space.
The larger issue was used to purchase
land and to design and construct a
six-story 190,000 square foot laboratory
building adjacent to the campus.

Features

Obligation

The bond investors will look to the letter of credit bank, which
willlook to the fo,ndation for repayment. The bonds are a limited
obligation of the issuing authorities and d- not represent any
indebtedness of the state.

Security

The primary security for the issue is the letters of credit and
confirming letters of credit. In the event the foundation defaults
onits loan agreements the bond trustee will draw the necessary
funds from the letter of credit bank to buy all bonds from the
bond holders. If the letter of credit bank dishonors its obligation,
the bond trustee will draw upon the confirming letter of credit
bank to make payment. This arrangement allowed a Standard &
Poor's AAA ratings Ahough the foundation was essentially without
assets. The letter of credit banks are secured by security inter-
ests in the research facility's land, buildings, and equipment. The
foundation has assigned the facility's, rents and leases. The uni-
versity's affiliated.research corporation is obligated to pay one
year's debt service to the letter of credit bank in the event of
foundation default and agrees to maintain its net worth at least at
that level.

Administration

The foundation was formed for the purpose of supporting
research activities of public and nonprofit colleges and univer-
sities in the state. It is considered a charitable, educational, and
scientific organization exempt from federal income taxes. The
foundation has no plans to undertake any fundraising and expects
to rely upon.rent charges from the research institute for the use
of the facilities. The foundation has no long-term leaseor con-
tractual commitments from the research institute and its
affiliated uniffrsity.
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EXAMPLE 4: STATE UNIVERSITY LINE OF CREDIT

Description

;he university established a standby line of credit with a state
commercial bar': for the purpose of purchasing self-liquidating
equipment. The, line of credit_is drawn upon by department heads
or principal investigators on an as-needed, project-by-project
basis. Their requests for fun& are presented in loan agreements
that specify, the, use of;funds, the period of need, and the revenue
source.for repayment. Once these reclUests are reviewed, the
funds are drawn from the line of credit within funding limits set
brthe Board of Regents and the lending limit agreed to by the
bank.

-Decision Factor

The university had experienced difficulty in finding adequate
funding for equipment related to instructional and research
activity. Funds from general operat: ig budgets had been largely
used for inst. uctional equipment needs and had not adequately
met the needs of the research programs. The university has found
that its,faculty's ability to continue a high level of externally
sponsored research is,dependent on its ability to obtain s...ate-uf-
the,:art equipment: With the recent changes in OMB Circular
A-21 which allow the university to be reimbursed for interest on

,equipment,purchases over $10,000, the university decided to
obtain a line of credit, which could be used to acquire self-
liquidating equipment over $50,000. Equipment financed through
the line of credit in connection with external grant or contract
arrangements would qualify as self-liquidating because both
principal and interest on borrowed funds would be fully recovered
from the grant or contract over the financing term.

Since establishing the equipment financing plan, the university
has encountered some difficulty in receiving specific grant
approvalfrom at least one.agency for the reimbursement of
financing cost. When the-line of credit plan was being considered,
a description of the plan was sent to and discussed with Depart-
ment of Health and Human Services, Nat:anal Institutes of
Health, National Science Foundation, Office of Naval Research,
and the National Aeronautics: and Space Administration. All
agreed that the plan was appropriate,and conformed to A-21
guideline::

The line of credit has only bee.. used to acquire equipment for
one grant. The cost of the equipment will be covered by the grant
funds. However, the interest costs are being paid out of a private
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gift fund because the sponsoring agency denied the request for
reimbursement of interest cost.

Amount of Issue:

Period:

Interest Rate:

Additional Fees:

Security Required
by Lender:

Terms Required
by Borrower:

Type of .Project:

Agreement

Terms

The ceiling for the line of credit was
negotiated at $2 million.

The.line of credit was negotiated for a
five-year periodwith options to renew.
Either the bank or university can ter-
minate-the contract at any time except
with 7-espect to outstanding loans.

Stated at about two-thirds of the bank's
prime interest rate.

None.

None.

The bank will make loans, to the
university on a project basis with
actual lending occurring only if the
grant is awarded or if user fee terms
a:e agreed upon to cover debt service.

Various scientific instruments.

Features

The un'7ersity's Board of Regents approved the line of credit
agreement after a competitive bid process in which a number of
bank proposals were reviewed. The terms of the agreement
specified:

the ceiling of the line of credit,
a commit meat for lending on a project basis rather than in a

lump sum,
interest on a tax-exempt basis,
interest rate established as an index to the bank's prime

interest rate, with therate for each individual loan set at the
time a draw on the line of credit is negotiated, and

x
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that the agreement caa be terminated at any time by either
party except with respect to outstanding loans.

University Procedures

The principal investigator or department head seeking external
funds-for research equipment over a prescribed amount prepa:y es a
request for funds to the vice-president for educational develop-
pent and research. This request presents a justification for the
need and the funding requirements. The request-has to describe
the method.foirepayment as follows:

1. Existing grants that have a multiple year funding period
could be rebudgeted. This could represent one or more principal
investigators,

2. Equipment financing could be proposed in a grant
application.

3. User charges and fees could be from external and/or
internal-Arsers.

The request will be reviewed, and the cost analysis performed
todeterrnine the financial-resources required to,liquidate the
debt. Approved requests are forwarded to theuniversity business
officer who maintains the, banking relathnships with the line of
credit bank. The business officer will contact the bank to deter-
mine the terms of the new loan. If the terms, interest rate,
index, and maturity are favorable, the business officer will
requeSt the bank to commit the funds to the new loan.

Once the loartis executed and -funds transferred to the uni-
versity, a loan account is established in the university plant fund.
The equipment is purchased from this account, To provide an
audit trail for liquidation of the debt, plant fund expenditures will
be,reimbursed through charges to the.grantaccount in the current
restricted fund or through transfers of depreciation amounts from
the:service,account. The Board of Regents is to rec,lve a monthly
status report on the loans madeirom the line of credit. :Addition-
ally, the Board of Regents is to be notified when the line of ,credit
ceiling has been reached.

-EXAMPLE 5: ACQUIRING BIOMEDICAL EQUIPMENT

: Description

The university obtained a,74demand-note -for a.variety of -funding
requirements, including' othinstructionaliuses-,And research

o.
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Terms Required.
by Borrower:

Type of Project:

660

'None.

St,...e-of-the-art equipment for the
radiology department costing $1.4
million.

Features

The radiology.department had an immediate need fcr the
equipment but had insufficient funds to purchase the item.
Access to the demand note pk Z,ceeds enabled the department to
acquiretheequipment and.paylor it later.

The demand note isserving-as an intermediate financing
instrument. The radiology department pays only the interest on
the loan, and the hospitalill repay the loan principal in two
years from its capital outlay budget. In two years, the hospital
will be able tu,justify the use of-the equipment in patient care.
Until that time, the department will cover the line of credit
interest cost through user charges.

At -the time the equipment is transferred from experimentr 1 to
clinical use, it-may be necessary-to,apply to the state health
planning agencyfor a<Certificate of Need under health planning
statutes. The procedures vary from state to state and also-over
time, so that the precise reqUirements will not be known until the
time for transfer.

EXAMPLE 6: MUNICIPAL LEASE

Description

Telecommunicationsequipment was acquired for a state uni-
versity through its affiliated foundation. In this municipal lease,
the university was the lessee and a bank was the lessor. The title
to the equipment passed to the university at the end of the lease
term.

Decision Factor

; municipal lease was used by the university to finance
equipment acquisition because the state ref, :ted the university
from entering into multiyear indebtedness. The university was
able to acquire'the eqUipment with- the municipal lease bedause
the lease-is renewecLeaCh fiscal yeai. The,cost.of the lease can
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needs. The specific demand note was obtained after a competi-
tive bid process in which proposals from a number of lending
Ihstitutions were reviewed.

The demand note-was used to finance the-acquisition of a
specialized piece of equipment for the radiology department of
the medical school. The department needed to acquire theequip-
ment immediately for research, but the hospital would not be able
to use it for patient carel.as third-party payers, specifically Blue
CrOSs, cor.,'dered its use experimental.

Decision Factor

The university decided to obtain a demand note to acquire
equipment that the university had normally leased. The note pro-
vided a cheaper titre, of financing-than leasing. However, the
university still leases small pieces of equipment such as copiers.
When the UniverSity' wa:s lirst..Considering the demand note, there
were severafprojectst academic as.yrell as research, that needed
temporary or short -term funding. The university had a general
set of guidelines for selecting the projects to fund with the
demand note proceeds. All funds had to be used within six months
because of arbitrage restrictions.

Since the time the demand note was obtained, several projects
have repaid their debt or replaced the debt with long-term
financing. Other projects have been substituted as funds are
replaced.

Terms

Amount of Issue: $15 million.

Period: Five-year period with cancellation
'clauses.

Interest Rate: r' Stated zt about one-half of prime
interest rate.

Additional Fees: The university obtained a backup line of
credit that cost an additional 1/2
percent.

Security Required
by Lender:

The lender was a mutual fund. The
university pledged its unrestricted
endowment funds as collateral.
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also be:passed on to federal grants and contracts for which the
equipmeht.is used.

Amount of Issue:

Period:

Interest Rate:

Additional Fees:

Security Required
by Lender:

Terms Required
by Bortower:

Type of Project:

Terms

$501,000.

Municipal lease is written on a yearly
basis with annual renewal options. The
effective length of the lease, including
renewal options, is six years. At the
end of this time, the university will
receive title to the equipment.

Less than 10 percent.

Administrative fee to the foundation
calculated as a percent of the principal
amount of the lease.

Security interest in the purchased
equipment.

The university had the option to
cancel, the lease on a year-to-year basis
in the event that funds were not
appropriated for the lease.

Telecommunications equipment.

Features

The foundation handles the administrative and control pro-
cedures for arranging the tri ^.1cipal lease. In this case, the
university Atmospheric Sciels:ze Department had need for
telecommunications equipment. This need was documented and
reviewed.

The municipal lease was open for bid, and the, proposal with
the most favorable terms was accepted. Because of state require-
ments, the finalization of the municipal lease agreement requires
a lengthy approval process. A municipal lease transaction may
require a tax - exempt opinion from legal counsel if thelessor
requests one.

In the department's Jease request, the equipment acquisition
has to be justified. The department also has to explain the source
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and frequency of revenue to repay the debt and has to incur the
cost of equipment insurance.

The department is responsible for funding the debt. It should
be noted that the university in this case cannot borrow except for
self-sustaining enterprises.

EXAMPLE 7: ADJUSTABLE RATE OPTION BOND

Description

The revenue bonds were issued by a state educational author-
ity to fund a facilities project at a private university, including:

construction of the university computing center,
purchase of existing lrnd and buildings for use as research,

education, and student activities facilities,
renovation and construction of laboratory facilities for the

biology and chemistry departments,
acquisition of equipment for the computing center,
acquisition of apartment buildings for student housing, and
construction and renovation of civil and chemical

engineering laboratories.

The university will initially lease to the authority the various
existing facilities referred to under project facilities. In turn, the
university will sublease the facilities back from tie authority and
use the bond proceeds to complete renovation and construction of
these facilities. The bonds will be payable solely from the univer-
sity's sublease payments to the authority. The bonds are limited
obligations of the authority. The bonds are not a liability of the
state or any political subdivision-of the state.

Decision Factors

The major reason that the university issued an adjustable rate
bond (ARB) was the low ir+erest rates In the short-term market
versus the long-term fixes, rate debt market. In the first year, the
ARB had 6 1/4 percent interest. If the university had issued a
long-term fixed rate debt instrument, the interest rate would
have been 10 percent. The savings in first-year interest were
significant. Though the bond's interest rate will be adjusted
annually, the university has the option to convert to a fixed rate
if long -term interest rates become favorable. Many institutions
are using ARBs because of the favorable market conditions,
including k short-term interest rate as compared to long-term
rates and quick placement of bonds with investora:,

6
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Terms

Amount of issue: $35,000,000.

Period:

Interest Rate:

The total issue was for 20 years.
However, the bond holders have the
right to tender (i.e., to have their bonds
repurchased by the university) at a
price equal to 100 percent of the prin-
cipal amount on the annual anniversary
of the issue date. The university has
the option to redeem the bonds (i.e., to
buy back the bonds from the bond
holders) after one year from the date of
issue. There are also optional redemp-
tion provisions that the university may
exercise. Additionally, if the bonds are
converted to a fixed interest rate, the
bond holders will no longer have the
right to tender their bonds.

The interest rate at the date of issue
was 6 1/4 percent. Annually, on the
anniversary of the issue date the inter-
est rate will be adjusted to reflect
changes in the interest rate index. The
indexing agent of the issue will be
responsible for determining the
adjusted interest rate on ar. annual
basis, according to an average yield of
at least 20 twelve-month tax-exempt
securities with a comparable debt
category and rating of the university's
bond.

Additional Fees: The isst ince cost of the bonds totaled
more th-n $500,000.

Security Required
by Lender:

Under the indenture agreement, the
university is required to maintain cash
and securities with a trustee to pay
principal and interest to bond holders in
the event that sublease revenues are
insufficient to cover debt service.
Initially, the university pledged to
maintain unrestricted assets in the
amount of $37 million, which will bW
miuced.as bonds are retired.
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Terms Required
by Borrower:

665

The university has the right to convert
the bonds from an adjustable interest
rate to fixed interest rate. Prior to the
conversion to a fixed interest rate, the
bond holders have the right to tender
(i.e., return) their bonds for purchase by
the university.

Type of Project: Various research and institutional
facilities as described above.

Features

Administration

The authority will issue the bonds and place the bond proceeds
with the trustee for distribution to the university. Under a sub-
lease agreement with the authority, the university will receive
the bond proceeds for construction and renovation of project
facilities. In turn, the university's sublease payments to the
authority will cover the principal, premium (if any), and interest
payments. The university would be required to fund any ',endered
bond if the returned bonds could not be remarketed and ceplenish
the debt service reserve fund if the reserve is redurPd. In the
event that a bond holder tenders t is bond to the university, the
remarketing agent will try to the best of its ability to resell the
tendered bonds.

Adjustable Interest Rate

The interest rate on the bonds will be adjusted on an annual
basis based on the index defined above under interest rate in the
section on term:. The rate will be determined by the remarketing
agent to be the rate that equals but does not exceed the interest
rate necessary to sell all of the bonds tendered.

Conversion to a Fixed Interest Rate

At the direction of the university, the bonds may be converted
to a fixed interest rate, which would hold constant until the date
of maturity. The university could convert the bonds to a fixed
rate if interest rates were anticipated to increase. The bond
holders would have the right to tender (i.e., return) their bonds to
the university prior to the bonds' being converted to a fixed
interest rate.
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Security

The unique feature of this ARB is that it was done without a
backup letter of credit. Normally! a bank letter of credit would
cost-annUally 1/2 percent to 1 percent of the principal balance.
The university was able to r 'ceive an AA rating and sell the issue
because it pledged to maintain unrestricted assets at $37 million.
Therefore, the university reduced its net interest cost as
compared to similar issues.

SOURCE: Coopers do Lybrand.
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APPENDIX DEBT FINANCING INSTRVMENfS
. *r.

Applicr hle Financing
. Institution Range Term General Description

-Leasing,.

PriVate Wii,000: Short- Leasing is considered
college or to : term a long-terth rental
tax:exeinpt' $1,000;09 1-10 agreement in the form
foundation years of operating.lease or

capital lease.

Municipal Leases

State $100,000
-to
$1,000,000

53-277 0 - 86 - 22

1 year A municipal lease is
considered a condition-
al sale lease where the
payments are scheduled
like a lease but the lessee
is considered the property
owner at the lease
inception.

The lessor receives tax-
exempt status on the
interest portion of the
lease payment.

This form of debt is used
when the entity (state,
municipality, or state
university) is precluded by
state law from entering
into debt for a longer
period than a single fiscal
year
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Advantages Disadvantages
.

Institution acquires the use
of equipment without making
-a substantial initial cash
outlay.

Leasing provides a,means for
financing small equipinerit
acquisitions.

Lessee has some protection
against equipment
obsolescence.

Off the balance sheet debt.

Quick and easy form of
financing.

Short -term financing with
annual .renewal; options
allowing for long-term
financing as needed:

Leasing provides some pro-
tection against technical
obsolescence of the equip-
ment.

r

If the institution has
substantial capital
needs and can issue
debt, long-term financ-.,
mg would be more
cost effective than
leasing.

Leasing requires trade-
offs to be made on
whether the institution
acquires title to the
equipment.

Leasing Is another form
of debt which will have
an impact on the insti-
tution's cash flow.

Lessors consider muni-
cipal leases risky
because the government
is legally committed
only for a single fis-
cal year. The lessor
will charge more to
cover the risk of can-
cellation.
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Applicable Financing
Institution Range Term General Description

Line of Credit

State or $1-15 1 to 5 Represents an assur-
private million years ance by a lending
university institution-that funds
or will be made available
foundation as specific project needs

arise.

A university establishes a
line of credit agreement
with a bank, defining the
terms, conditions, and
interest rate to be required
before an actual loan is
made.

The agreement states the
aggregate ceiling of the
loans to be outstanding at
any one time.

Pool Revenue Bonds

State or Minimum 10 Offers tax-exempt bond
private $5 million years financing to a group
institution of colleges and universities

to finance numerous small
projects.

Two types of bond pools:
blind pools do not identify
the individual borrowers or
the projects; composite
pools identify all partici-
pants and projects and loan
amounts to be included in
bond issue.
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Advantages Disadvantages

Insurance of funds avail-
ability against likely but
uncertain needs:

Ability to debt finance low -
priced equipment on more
favorable terms than leasing.

Ready access to funds so
that equipment procurement
is not delayed until grant
or contract funds arrive.

Availability of funds until
permanent debt financing can
be secured.

Insurance of funds availability
if unexpected needs develop.

Institutions are able to
pool their capital needs
when institutions have
insufficient capital needs
to make an individual

Administrative cost and
time required to review
loan request and moni-
tor debt repayment.

Risk that the debt re-
payment guarantees of
dept. heads and princi-
pal investigators will
not be honored.

Pool Revenue Bonds
have the same disad-
vantages as revenue
bonds.
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Applicable Financing
Institution Range Term General Description

Pool Revenue Bonds (continued)

The bonds are issued by a
state educational author-
ity, which disburses the
bond proceeds to partici-
pating colleges and univer-
sities. While the authority
holds the bond proceeds
until the institutions need
funds, the authority may
invest the funds at a higher
interest rate than the bond
interest rate. The net
interest income earned on
available funds is used to
partially cover administra-
tive cost. The IRS requires
that all bond proceeds be
disbursed to pool partici-
pants within three.years.

The period of the institu-
tions' loans range from
three to ten years but
cannotexceed the term of
the bond issue.

The financial liability of
the participating institu-
tions is limited to the
amount of their individual
loan agreements.
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Advantages Disadvantages

revenue bond,cost effective
or an institution does not
have a credit rating to
issue debt on its own.

Allows smaller institution
access to tax - exempt, debt
financing.

Spreads the cost of issuance
among a number of institutions.

G7&

If sizable debt re-
serves and insurance
premiums are required
to protect against the
risk of loan defaults,
the more creditworthy
institutions in the
pool may be subsidizing
the cost of debt for
the less creditwcrthy
institutions. The finan-
cially stronger institutions
may be able to obtain
lower interest rates
through individual bond
issues and may not wish to
participate in the pool.
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Applicable Finanting
Institution Range Term General Description

Puol Revenue Bonds (continued)

The individual institution's
interest rate may vary per
loan agreement with the
authority to properly
reflect differences in loan
risk between a financially
strong institution and a
small college.

Tax-Exempt Variable Rate Demand Bond (VRDB)

State or Minimum Nominal Bond carrying a float-
private $3 maturi- ing interest rate which
university million ties of is set periodically to
with the 25-30 a percentage of prime
assistance years interest rate or trea-
of govern- sury bills.
ment
authority The bond is priced as a

short-term security with a
nominal long-term
maturity.



Advantages Disadvantages

Provides the university
access, to lower interest
rate debt instruments.

Raise substantial funds
for major projects when
long-term rates are too
high to issue permanent
financing.

680

Risk and cost associ-
ated with the constant
change and movement in
the short-term debt
market if a bond
is returned and cannot
be immediately resold
to a new investor, the
university will have to
draw on its letter of credit
to repay the bond holder).

Risk that the university
may not be able to roll
over the VRDBs into
long-term debt.



Applicable Financing
Institution. Range Term General Description

Tax-Exempt Commercial Paper (TECP)

State Pool TECP- TECP are short-term
university program 270 days obligations withstated
or minimum or less . maturities of 270 days
private $50 or less, comparable to
college million Pool corporate commercial
or. program paper except interest
foundation 10 years rate is tax-exempt.

Indiv- Indiv- A pool. program can be
idual idual established ,by. a
loans loans designated government
minimum 1-10 authority which issues
$100,000 years the TECP and lends the

funds to participating
institutions.

The TECP is designed to be
rolled over at its maturity
without delays and addi-
tional issuance cost. The
interest rates on the par-
ticipating institutions'
loans are determined
monthly, based on the
average interest rates of
the TECPs sold in a month.

General Obligation

State Minimum 20-30 Long-term bond secured
university $3 years by the full faith, credit

million and, usually, taxing power
of the state or local gov-
ernment.
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Disadvantages

A university has access to
short-term debt at favorable
Interest rates.

Issuance costs are shared
by all participants.

Because the TECP has a
short-term maturity and is
continually rolled over,
the university is not
lockedinto long-term debt
and can repay anytime with-
out penalty.

Favorable credit ratings can
be obtained for the Issue
because It is backed by the
state or local government.

For major, long-term
project to fund, a
Revenue Bond or another
long-term debt instru-
ment would match the
useful life of the asset.

For less cost a uni-
versity with an
established credit
rating may be able to
access short-term fi-
nancing through a
line of credit.

Legislative approval is
required for the bond.
If approval Is delayed,
project would have to
be delayed or postponed.
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Applicable Financing
Institution Range Term General Description

Revenue Bonds

State Minimum 20-30 Long-term bonds issued
university $3 years to finance a specific
or million revenue-generating
private project. The bonds are
university secured either by the
or college project's revenue or
or the revenue of the
tax-exempt institution as a whole.
foundation

For a private institution to
use revenue bond financ-
ing, the institution must
obtain the assistance of a
county, industrial devel-
opment authority, educa-
tional facilities authority,
or similar agency.

The bond investor will look
at the institution's overall
revenue-generating capabil-
ity as a means of assessing
its ability to meet interest
obligatiohs and principal
payments.

State requirements vary on
the authority state univer-
sities have in issuing
revenue bonds.
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Advantages Disadvantages

Revenue bonds are cheaper
than any form of commercial
financing because interest
to revenue bond investors
Is exempt from federal taxes.

63.E

The high issuance, le-
gal, and brokerage fees
associated with bonds
mean that a substantial
dollar amount is neces-
sary to make the bond
cost effective.

The Revenue Bonds are
direct obligations of a
state university or college
with the bond holders'
looking to the university
(not the state) for repay-
ment of principal and
interest.

The attractiveness of
revenue bonds is influenced
by the investor's need to
protect from taxes. With
any lowering of tax rates,
the investor will have less
need to shelter income
through revenue bonds.
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Applicable Financing
Institution Range Term General Description

Industrial Development Bonds

Private
college or
university
or
tax-exempt
foundation

Minimum 20-30
$1 years
million

A security 'ssued by
state, local government,
designated agency, or
development corporation
to finance the construction
or,purchase of buildings
and/or equipment to be
leased to a private
corporation (institution).

The credit of the private
institution is considered to
be the credit backing the
issue.



Advantages
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Disadvantages

Industrial Development Bonds
provide private institutions
a means of raising substan-
tial capital.

Industrial Development Bond
interest is also exempt from
federal taxes.

686

As that happens, to keep
attracting investors,
institutions will have to
offer revenue bonds with
higher interest rates,
which will increase the
institution's borrowing cost.

Revenue bonds are long
term in nature and not
appropriate for financing
short-term equipment
needs.

The Industrial Devel-
opment Bonds have the
same disadvantages as
revenue bonds.
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Applicable
Institution

Financing
Range Term General Description

Certificates of Participation

State or
private
univer-
sities

On Behalf of...

Tax-exempt
foundation

Minimum
$1
million

Minimum
$1
million

Life of
asset

Life of
asset

Certificates of Parti-
cipation are similar to
On Behalf of... leases
except there is no third-
party guarantee. The
purchaser of the certifi-
cates has an interest in the
equipment lease. The
certificates represent a
lien on the asset.

Third-party guaranteed
revenue bonds or leases
issued by a foundation on
behalf of a state or private
institution.

Title to equipment is held
by the foundation and
passes to the institution
when the debt is retired.
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Advantages Disadvantages

Institutions that do not
have tax-exempt foundations
can issue the certificates.

Institutions are able to
finance large dollar value
equipment through public
securities investors at
longer terms and at lower
interest rates than other
debt instruments require.

Debt does not affect the
university or college's
balance sheet.

Lease would be on a year-
to-year basis with annual
renewal.

State institutions which
need legislative approval
for Revenue Bonds can use
On Behalf of... financing
wnout state government
approval.

The foundation funds and
enters into the long-term
lease.

Institutions will have
to plan for the annual
funding of the certifi-
cates as a fixed
obligation.

The purchaser will look
to the institution's
revenue-generating
capability to meet this
fixed obligation and
assess his risk position.

On Behalf of... financ-
ing is viewed as an
indirect obligation of
the institution.
Investors will look to
the institution's reve-
nue- generating capabil-
ity to assess the risk
of the issue.

SOURCE: Coopers & Lybrand.
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APPENDIX 3: EXAMPLES OF EQUIPMENT DONATIONS

.Examples 1 through =11 below describe equipment donations
involving 14 universities and 12 corporations. Equipment donated
includes computed axial tomography scanners, digital fluoro-
scopes, nuclear magnetic resonance spectrometers,,mainframe
computers, microcomputers, software, oscilloscopes, spectrom-
eters, laser units, processing equipment- for very large-scale inte-
grated circuitry, ,computer- aided. design systems, and semiconduc-
tor manufacturing equipment.

EXAMPLE 1

Circumstances of Donation

Principal investigators contacted research colleagues at the
corporation.

The university faculty hadtproduced innovative ideas; these
were then licensed to the donor and developed into successful
products.

The university was viewed as a recruiting source.
The university would be used to market the donor's

equipment; principal investigators would be requested to show
equipment to potential purchasers; results of equipment usage
would be provided for trade,and scientific shows.

Special Considerations

The donor receives license for any marketable research; the
university receives the copyright. The donor must sublicense upon
request; both share the royalties from sublicenses.

The donor expects the marketing activities to be performed.
In order to have time to obtain patentsthe donor has

occasionally requested that scientific results be withheld from
publication. Although university guidelines provide that publica-
tion can only be withheld for 90 days, the university often com-
plies with the request.
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Institution's View

The donation of equipment was seen as the only feasible
alternative, since the level of funding necessary for such special-
ized,machinery is unavailable through the National Institutes of
Health.

The equipment is generally high level, although not
top-of-the-line.

The donor has paid all maintenance costs.
Students have developed the necessary software. The donor

has provided an on-site programmer.
The donor's equipment has been compatible with other

Equipment. Major items were self-contained.
The equipment has worked well.
The researchers feel that the promotional activity is an

imposition.
Patent-related issues have been problematic.

Corporate,View

The donor has been happy with the university's work.

EXAMPLE 2

Circumstances of 'Donation

University faculty and corporate counterparts had
professional contacts prior ;:o the donation.

The university has an active research faculty that has
pursued innovations.

The university is attractive to corporations because of its
accomplishmentsand innovative ideas.

Corporations are interested in recruiting university students.
Tax incentives have made contributions even more

attractive.

Special Considerations

A license to patentable inventions may be made available to
the donor.

There are no restrictions on the publication rights of work
undertaken by the university.

^
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Institution's View

The donor does not cover all costs. Researchers believe that
they are more motivated to use the equipment if there is some
cost to them. Maintenance ...osts, howeyer, are quite high.

Corporate View

The university is very attractive because of its faculty,
programs, and record of success.

EXAMPLE 3

Corporation View 1

Relationships were established among university develop-
ment office, department heads, researchers, and corporate
counterparts.

The university identified the equipment that was already
available, plans fur using the equipment, the potential users of the
equipment, and their areas of interest.

Corporation View 2

The corporation had announced its intention to assist uni-
versity programs similar to that at the university; there was no
previous relationship with the university.

The corporation's program was focused on a specific area of
engineering; the university had one of the country's first engi-
neering schools in this field.

General Corporate View

Donors were interested in exposing future users to
stare-of-the-art equipment.

The tax benefits have not been a primary incentive to small
companies.

Excess inventory resulting from lower sales has been a
minor factor.
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Special Considerations

No special considerations were identified.

Institution's View

State-of-the-art equipment is now available, although main-
tenance and.technical support costs are a problem. For this
reason, not all equipment that is offered is accepted.

EXAMPLE 4

Circumstances of Donations

For research and development purposes, faculty members
and department heads work through corporate contacts to obtain
contracts.

The university has had limited success with sending letters
to organizations with no prior contact. Often, the corporation
may like something about the program being undertaken, and this
will provide a floor for establishing a relationship.

With_scientific equipment, personal contacts are very
important. The foundation and development officers will help
faculty members and department heads develop plans to inform
corporate representatives about proposed projects.

Scientific equipment is almost never given in isolation.
Generally, the university has developeda program that the donor
is, interested in, and the donor will provide the equipment and
money.

Special Considerations

Scientific equipment never has any quid pro quo.
With research and development equipment, the nonexclu-

sive use of patents is provided to the contracting corporation, and
the university holds the patent. Sometimes the university will
receive royalties, depending upon theArrangement.

Institution's View

Since the donor does not cover all costs, maintenance and
operating costs are a major problem.
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The university generally has been happy with the arrange-
ments.

Corporate View

The donating organization appears to be pleased with the way
the arrangements have worked out.

EXAMPLE 5

Circumstances of Donation

The university has a good reputation in many scientific
areas.

The donors receive feedback on prototype equipment to
work out bugs.

The university has preuctive relations with contributors,
which leads to many coming back repeatedly.

The university faculty conceives interesting projects and
establishes personal contacts with donors.

Tax benefits are helpful but are not a major factor.

Special Considerations

Certain corporations gin many micros to faculty, and there
is an agreement to share any software developed. The university
has the copyright, but the donor often has exclusive license.

The donor expects feedback on prototypes.
There are sometimes restrictions on publication for up to

one year, which must be complied with (does not normally cause
problems).

Institution's View

The university is generally happy.
Often the maintenance costs are covered by the donor.
Many corporations come back many times.
Sometimes they are offered more equipment than they can

take. They only accept 'it when it is well matched to their needs.
They get a good deal of state-of-the-art equipment and

prototypes.
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Corporate View

There was no specific feedback, but the university assumes
they are satisfied since they keep returning.

EXAMPLE 6

Circumstances of bonatioits

Corporate

Corporations are interested in exposing future users to
state-of-the-art equipment.

Corporations seek researchers' feedback order to improve
equipment.

Corporations donate equipment to demonstrate general
support for higher education.

University

The university strictly enforces the conditions under which
it will accept gifts: exclusive licensing arrangements are never
provided; nonexclusive agreements are acceptable.

The university will not provide the donor with written
feedback; however, oral discussions are acceptable.

Special Considerations

Donor corporations often contribute ancillary expenses such
as maintenance and software along with the equipment.

Both the university and the corporations initiate contacts.
Corporate contacts are developed through visiting committees
and other visits by corporate executives and researchers.
Individual faculty members develop relationships with corporate
counterparts.

Institution's View

Generally, the university has been able to obtain whatever
equipment has been needed.

(3
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EXAMPLE 7

Circumstances of Arrangements

Money is primarily given under research contracts. Equip-
ment is supplied if it is needed:

Contacts are often made thrOugh established relationships
with universities.

One university is a popular donee since many alumni work at
the corporation.

Arrangements are often entered into when an institution has
begun working on a program in which the corporation is interested.

Tax benefits have a significant impact on the level of
contributions.

The corporation feels an obligation to help fund university
research since more is needed. 'It cannot fund the amounts it
would like to because of the costs. Additional tax benefits would
be a desirable way of lowering costs.

Special Considerations

The corporation installs the equipment and for awhile
maintains it and provides backup support.

Institution's View

It appears that colleges are satisfied with the arrangements.

Corporate View

Results have been good so far. If they had not been, the
corporation would not continue contract research and scientific
equipment donations.

EXAMPLE 8

Circumstances of Donation

The corporation ordinarily makes a grant after a written
proposal is submitted; proposals come about as a result of con-
tinuing dialogue with university researchers.
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Considerations include the corporation's desire to support
education; the quality of the institution, its faculty, and its stu-
dents;, its ability to undertake proposed projects; its fiduciary
capability; andthe importance to the corporation of the tech-
milogy under study; ,

Ordinarily, R&D expenditures are; joint study contracts
under which-the, corporation provides money, equipment, and
personnel.

The, R&D tax credit is an incentive for the corporation (1) in
making positive decisions on marginal projects, and (2) because
-credit ameliorates impact on after -tax profit margins of increased
R &D, spending.

Special Considerations

N6 conditions or Testrictionsare placed on the institutions
to which it provides grants of equipthent.

Maintenance contracts are usually provided for the war-
ranty period, after which the institution must absorb the cost.

The corporation is flexible in structuring research con-
tracts, but its primary concern is access to results; no restrictions
are made as to use or publication of results.

Corporate View

The corporation looks for institutions with necessary
technical know-how to petform a project.

Success of projects is viewed in broad terms. Any advance-
ment of the knowledge base in a particular area is considered a
success.

EXAMPLE 9

Circumstances of Arrangements

Primary motivation of contributions is to help upgrade
university research facilities, since many are outdated.

The corporation hopes to provide well-*.rained engineers in
the fields the corporation is interested in with the hope that there
will be a.supply of good engineers for fut.._ hiring.

Corporations also make,donations with the hope that users
will be happy with them and purchase additional products of those
corporations.
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Tax incentives are important regarding the level of
charitable contributions. This is because the higher the per-
centage of product cost that can be offset with tax benefits, the
greater the number of products that can be donated at the same
cost.

Equipment donations are initiated by colleges interested in
obtaining a: product and by a corporation when it identifies
institutions that are performing research in areas it is interested
its. Contacts between the corporation ad the institutions have
been in existence prior to some contributions, although this is not
true in a large number of instances.

Special Considerations

Eqiiipment,it.not usually provided under research con-
tracts, which are normally with large research institutions. The
reason for this Is that.when,the corporation enters a research
contract, It does'not have adequate personnel on hand to do the
work itself; It looks for colleges or universities with facilities in
place in the particular field of study and specialized personnel.

Basic research contracts c..re not.often entered into, since
they will not necessarily provide me corporation with any direct
benefits and they are difficult. to justify to shareholders. Also,
since a fair amount of basic research is performed at the corpora-
tion in fields it is interested in, it has less of an incentive to -fund
basic research elsewhere.

When a corporation donates equipment, it also installs it and
provides the same warranty-a paying customer receives. If a
service contract is ordinarily provided with the equipment, that is
also included. Corporations would be more willing to provide ser-
vice contracts if additional tax benefits were associated with
them.

Corporate View

The corporation expects colleges to take some responsibil-
ity for operating and maintaining the equipment and does not feel
that it should incur.all costs.

The corporation has an interest in seeing the property
maintained, because if students repeatedly observe the equipment
malfunctioningvthey will deyelop a negative-image of it and will
be less likely to purchase it In the future.
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EXAMPLE 10

Circumstances of Arrangements

Primary .oncerns are with expertise of the institution and
its ability to assist with product application and development.

Tax incentives make scientific contributions and research
contracts more desirable.

Arrangements result from informal contacts between
corporate and university counterparts.

Special Considerations

There is no quid pro quo for contributions of scientific
equipment, although access to data regarding equipment use is
anticipated.

If research produces any patentable results, the corpora-
tion acquires a license.

Institution's View

Generally there is a favorableperception. If institutions were
not happy, they would not continue to accept equipment and
undertake research arrangements.

Corporate View

Favorable feedback has been received. There was only one
instance where an arrangement was not considered successful.

EXAMPLE 11

Circumstances of Donations

Research and Development

In the case of research and development projects, the
company i5 mainly looking at what It can receive in return, such
as technology that can be marketed or 'put to use in-house for
designing new products (e.g., softWare).

Marketing of equipment is also important in the hope that
(1) institutions will purchase additional equipment from the

li
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donating company, and (2) that students' experience with the
equipment will encourage future sales.

Receipt Of proposals in which the company is interested and
a proven capaCity to conduct high-quality research are influential
in decisiOns tO donate,equipment for R&D contracts.

Tax benefits are helpful in the decision to donate.

Scientific Equipment

Tax benefits are important in the decision to donate. The
company prefers to donate more expensive items, since there is a
higher markup and they can take advantage of scientific equip-
ment deductions.

Majorcontributions were made to one institution for the
following reasons: the company could not enter into an R&D
contract, since the university will not provide exclusive rights to
anyone; informal feedback is useful to the Company regarding
equipment performance; the institution has a good research
reputation; close personal ties have developed over the years,
since many high-level employees are graduates of that university;
and since the company's engineers will be working In the equip-
inent with that university's counterparts, the company will have
first -hand, knowledge of the information being developed and its
possible uses (the type of work the equipment is being used for is
impertant to the company).

Special Considerations

The university holds the copyright or patent, but the com-
pany has nonexclusive license with no royalty payments to the
university.

Tha company has the right to review material before it is
published to ensure that no ploprietary information is released.

No special considerations are involved for scientific equip-
ment contributions. The equipment is given outright without
restrictions.

Institution's View

The company was not aware of any specifics.

'%>1.
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Corporate View

The company is happy with the past record of a number of
institutions. It has recently dramatically increased the level of
contributions and has not yet received the results of most new
projects.

SOURCE: Coopers 6: Lybrand.
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Adequacy of Academic Research Facilities

ABSTRACT

Recent studies have raised serious questions about the adequacy of academic research
facilities thvbricks and mortar (and mobile or remote research spaces such as ships,
airplanes, aquaculture facilities, and monitoring stations), which house and support
academic research and -research instrumentation. An ad hoc interagency steering
committee was formed In November 1983 and Is planning a detailed study of academic
research facilities. The committee has recently analyzed data on past expenditures and
future needs for academic research facilities as derived from capital facilities planning
documents of 25 major research institutions which perform about 38% of all federally
funded research and development at universities and colleges. From a scaling of these
results, It is estimated that about -$1.3 billion per year of construction, remodeling, and
refurbishment of science, engineering, and medical research facilities is currently being
planned by all universities 'and colleges over the next five years. This estimate Is
consistent with a 1981 study of ,15 institutions carried out by the Association Of American
Universities. As a percentage of total expenditures, the findings are also consistent with
capital outlays at industrial research and,development laboratories, and at the university
administered Federally-Financed Research and Development Centers.

introduction

Several recent studies 1-3 of academic research capabilities concluded that the quality of
research instrumentation'in university laboratories has seriously eroded. Strengthened
programs In the Department of Defense, the National Science Foundation and other
Federal agencies are now addressing the replacement and renewal of research Instru-
mentation. However, these same studies have also raised serious questions about the
adequacy of academic research facilities the bricks and mortar, (and mobile or remote
research spaces such as ships, airplanes, aquaculture facilities, and mon.toring stations),
and services which house and support the research instrumentation.

Prepared larder the direction of the Ad Hoc interagency Steering Committee on
Academic Research Facilities with the assistance of the NSF Task Group on Academic
Resgarth Facilities. (Lots of members In the Appendix).
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More recently, Federal Agencies and the Congress have received many expressions of

concern that deteriorating research facilities are becoming a serious problem for
academic scientists and engineers, materially Impairing their ability, to work competi-,

tively at the frontiers of Scientific and engineering knowledge. The House Authorization

"Act'for the FY 19E4 Btidget of the Department of Defense directed that a study be
undertaken by'the Secretary of.Defense *on the need to modernize university science and

engineering libera'tories essential to long-term national security needs. The Congress also

directed NSF to be an aggressive lead agency In encouraging other Federal agencies, state

andloeal governments, and the private sector to support ,the .renewal of university
T.

research facilities, and encouraged the Foundation to estimate the ,magnitude ,.of the
'current facilities problem and to assess the success of programs for facilities:renewal.

Furthermore, during the past 30 years the National Institutes of Health have ,proyided
- 'Major support for health research facilities construction, and the Congress has,periosli-

cailk requested assessments of the status and needs for these research facilities.

Interagency Steering Committee

In view of the in"*ortant role that a strong icademic research effort plays in underpinning

the Nation's economy, health and national defense, the Departmer.t of Defense, the

National institutes of Health, the Department of Energy the U. S. Department of
Agrietilture, and 'the National Science Foundation are cooperating in an effort to
determine the magnitude of the problem related to academic research facilities. An ad
hoc steering committee formed with representation from these agencies is planning an In-
'ifiptii study of academic research facilities. The objective of this study will be to obtain
a detailed understanding of the condition Of academic facilities currently being used for

science, engineering, and medical researth and the estimated future needs for construc-

tion, remodeling and refurbiihment. It is presently planned that this study will be carried

out by the National Academy of Sciences. An Internal NSF Task Group has also been

formed to examine available data on research resources, determine what additional

Information is needed, develop a credible study design, and work withhe interagency

steering committee in formulating a government-wide study of academic scientific and
"engineering research facilities.
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numi)W5o1 university presidents indicated that their Institutwns already
'4:id-prepared 114e=year facility Plans "'es well as detailed figures on expenditures for new
=:tciwistruetioiAnd the!'renideling and refurbishment of existing structures over the past
,"IliYear period and Were-willing to share the Information with the. Interagency steering
`'committee: ''Such Inidrinatioii was subsequently requested and received from 25 major

"resear`di 'institutions which *firth' about 38% of all federally-funded research and
deVilOrnlent-af -tiNeriities'andcolleges. From an analysis of these data, It is estimated
"that it36nt 'tii5ltillfien" per year of construction, remodeling, and refurbishment of
iiieriCe:`trigineering,"and medical research facilities Is planned by these 25 institutions
isver-'ihe'nezt five years. (See Table I for a,breakdown by discipline If these plans are-
-sEaled UP-in proportion to the share of federally-funded R&D, all universities and colleges
would require over the next five years about $1.3 billion myear. for these purposes. This
estimate is consistent with a 1981 survey of 15 universities,carried out by the Association
of American Universities3. Both estimates are probably conservative because the plans
were constrained by the 'perceived ,mailability of funds. The planned major study will
'obtain more detailed and definitive data, and could well result in a higher figure., ,,

Other sources of data' were analyzed to see how the estimate of. $1.3 billion per year
compared. A ivate-sector survey4 of Industrial research and development laboratories
found that of total 'R&n funds are spent on R&D plant. An NSF survey' shows that
the university- administered 'Federally-Financed Research and Development Centers
(FFRDC'S) Spent 13.6%Of iheti:total R&D budget in FY 1983 on R&D plant. Based on the

31

estimated $7.8 billion total R&D at universities and colleges in 1984, these figures would
predict a range of $99eintilion to $1.06 billion for total R &D plant expenditures at
universities and colleges. The slightly higher estimate of need from our recent study may

'- result from prgisure to recover froM past underinvestment. These figures should also be
compared to the estimated? 1984 federal obligation of $40 million to universities and
colleges fei'll&D Plant, and the 1981 figure8 of $155 million for the total Federal
contribution -to science and engineering faCilities for research, development, and instruc-
tion. (no breakdown Is available).

'1u4
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Table I

Recent Survey of Facilities Expenditures and Needs at 25 Major Academic Research Institutions

o Summary of past and planned capital expenditures from an analysis of long-rangeplans.

o The 25 institutions supplied existing planning documents (typically 5 years) and
data on past plus present (usually 1983) capital expenditures (typically 5 years).

o These institutions received 38% of the total Federal R&D obligations to universities
and colleges in Fiscal Year 1981. They performed 34% of all academic R&D
in Fiscal Year 1981.

o Although planning cycles were typically 5 years, they varicd from two to seven
years. Therefore, the data are standaradized as yearly averages.

Past & Current

($ millions)

$us

495

(current dollars)

No. of Institutions

Avg. annual

Future

22

25Avg. annual

Future by Field (supplied by 22 respondents)

(Avg.; annual) %

Engilieering 77 16 IS
Phys. Sci., Math.,

Comp. Sci. 121 26 15
Medical Sci. 94 20 14
Agric. Sci. 35 7 7
Life Sci.-Bio. 65 14 13
Environmental 28 6 6
Ottier 50 11 11

470 100

705.

51,-!277 0 86 23,
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EXECUTIVE SUMMARY

Because of continuing concerns about the age and condi-

tionof research equipment in academic institutions, and about

the effect of obsolescent equipment on the quality of research

in the nation's universities and medical schools, the Congress

of the United States charged the National Science Foundation

with Znnducting inventories of, and analyses of the needs for,

scientific instrumentation. NSF initiated a feasibility study

to determine how pertinent information could be obtained and how

suitable indicators of the status of research instrumentation

could beedeveloped. That study was followed by specifications

for abaseline national survey, which was funded by NSF as a

two-phase study starting in 1982. Using a stratified proba-

bility sample of 43 universities, the Phase I survey of existing

research instruments and instrumentation needs was conducted

during tho 1982-83 academic year for the physical and computer

sciences and engineering. The,reportof this survey is available

from the'National Science Foundation. **

For Phase II of the study, which:encompasses the bio-

logical, agricultural, and environmental sciences, the National

Institutes of Health joined the National Science Foundation by

funding a survey of the biological sciences in medical schools

to provide a comprehensive picture of instrumentation in those

sciences. =NIB also provided for` a limited study to determine

the feasibiLity of obtaining the damedata for medical (i.e.,

*An Act to Authorizo Appropriations for the National Scieicee
Foundation for Fiscal Year 198-0,1nd for Other purposes. Public
Law 96-44, Section 7.

*Academic Research Equipment in the physical, and Computer Sciences
and Engineering: An Analysis of Findings from Phase I cf the
National Science Foundation's National Survey of Academic Research
Instruments and Instrumentation Needs. Westat, Inc., December 1984

1
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clinical) sciences as for the biological sciences. For this

purpose departments of medicine were chosen. After a stratified

probability sample of 24 medical schools was selected, Phase II

was conducted during the 1983-84 academic year. The results of

the Phase II survey for thy, biological sciences and departments

of medicine are the subject of this report.

Overview

From the results of this study of instrumentation

needs and instrument systems in the biological sciences and

departments of medicine, it is apparent that there are defi-

ciencies in the current levels of instrumentation. The extent

of the deficiencies varies significantly among the subfields of

research. More advanced instrumentation is needed to allow

investigators to perform critical experiments which cannot now

be adequately conducted. Better maintenance and repair facilities

are needed. Although 18 percent of the-current national stock

of equipment is considered state-of-the-art, that status is lost

very rapidly; the need for replacement by upgrading i- continuous

and of the highest importance.

Department -Level Fineinqs

More,than half of the heads of,departments/facilities,

in assessing the needs and priorities of their departments,

stated that critical scientific experiments could not be con-

ducted because their departments lacked appropriate instru-

mentation. This was more often stated for the biological sciences

than for departments of medicine, and for public institutions

than for private institutions.

2
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The capability of existing equipment to enable researchers

to pursue their major interesEs was rated excellent for tenured

faculty by only one-sixth of the departments, while over one-

fourth regarded their capability as insufficient. For untenured

faculty the proportion of equipment rated insufficient was one-

t%ird. More than twice as many graduate school departments as

departments in medical schools answered "insufficient," however,

and three times as many departments in public institutions as in

private institutions did so. Compared with other fields of

science, the current stock of equipment in the biological sciences

as a whole was more favorably assessed than in any other field,

but this was primarily due to medical schools. For biological

science departments in graduate schools, the degree of insufficiency

matched that given for graduate school departments in other

fields, such as physical sciences and engineering.

The same patterns were found for assessments of instru-

mentation support services (i.e., machine and electronics shops),

with about half of the departments calling them insufficient or

nonexistent. Departments of medicine considered their support

better than did the biological sciences, and ,rivate institutions

better than public institutions.

Although these assessments are based not on quanti-

tative data but rather on informed opinion, the consistency with

which some large groups report more inadequacies than other

groups indicates a widespread perception of a problem.

If increased Federal funding were available for pur-

chase of research equipment, two-thirds of heads of departments/

facilities would put funds into instruments costing between

$10,000 and $50,000, while another one-fifth desired instruments

between $50,000 and $1 million. Private institutions wanted

more instruments in the upper range than public institutions.

3
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In other fields of science, there was more of a need for instruments

in the range of $50,000 to $1 million than was found in the

biologicL sciences, and even for systems costing above $1 million --

which none of the department heads in the biological sciences

mentioned as a top priority need.

When asked to list the three research instruments

costing between $10,000 and $1 million that were most urgently

needed, department heads often listed various types of prepara-

tive instruments. For most disciplines, these were the most

frequently needed items. Nearly 80 percent of the instruments

mentioned were in categories where the median cost of the instrument

was under $75,000. Instruments with a median cost over $100,000

most frequently mentioned were electron microscopes and NMRs.

The biological sciences and departments of medicine

spent a total of $158 million on research equipment costing over

$500 in FY 1983, and an additional $36 million on maintenance

and repair. The mean amount spent for research equipment in

FY 1983 was $48,000 per doctoral degree awarded annually. The

mean amount per faculty-level researcher was $5,900. Medical

schools spent about twice the amount per doctoral degree and

researcher as graduate schools, and private institutions consid-

erably more than public institutions.

The National Stock of Academic Research Equipment

There were over 21,000 instrument systems in the cur-

rent inventories of the biological sciences and departments of

medicine, with an aggregate purchase cost of $555 million. In

terms of constant 1982 dollars, the cost of these instruments is

estimated at $863 million. The biological sciences had more

4
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instrument systems than any other field of academic science, tut

the mean cost per instrument system ($27,000) was the lowest for

any field except agricultural sciences.

Abbut three-fourths of all presently existing academic

research instruments in the biological and medical sciences cost

between $10,000 and $25,000. Only five percent cost between

$75,000 and $1 million, but they accounted for one-fourth of all

funds spent for equipment.

Since the amount of research activity in the several

biological sciences subfields varies considerably, numerical

comparisons between the subfields are dominated by the relative

"size" of each enterprise. In an attempt to normalize between-

subfield and institutional comparisons, instrument numbers and

costs were calculated per researcher and per graduate degree

awarded. The resulting ratios are indices only and do not repre-

sent actual one-time costs per researcher or per degree awarded.

Mean dollar amount of research instrumentation per researcher in

the biological sciences was about $21,000, but the amount in

medical schools per researcher was 50 percent higher than in

nonmedical schools. For departments of medicine, the mean equip-

ment investment per researcher was $15,000. Mean aggregate

equipment cost per doctoral degree awarded in 1982-83 in the

biological sciences was $143,500, but for medical schools that

cost was more than twice as much as in nonmedical schools. Private

institutions had higher investments per researcher and per graduate

degree than public institutions.

State-of-the-art instruments constituted 18 percent of

the national stock in 1983, although the percentage was larger

in private institutions than public institutions. Another 65

percent were in active research use, although not classified as

state-of-the-art. Instruments that were not in active use

5
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because of technological obsolescence or inoperable mechanical

condition, but that were still physically present at the insti-

tution, constituted another 16 percent of the national stock.

Departments of medicine, however, had twice as large a per-

centage of obsolete or inoperable instruments on their inven-

tories as the biological sciences.

Age and Condition of Academic Research Equipment

For all instruments in the national stock, 44 percent

were from 1 to 5 years old, and 27 percent were over 10 years

old. Omitting the inactive systems from consideration, the

proportion of instruments aged 1 to 5 years was 50 percent, and

22 percent were over 10 years old. For instrument systems that

were in active research use, departments of medicine had a higher

proportion of newer instruments than did the biological sciences,

and private institutions were higher than public institutions.

Compared with other fields of science, instruments in the biolog-

ical sciences were somewhat older.

Most state-of-the-rtt instruments in 1983 were relatively

new. Fifty percent of instruments purchased in 1983 were state-
of-the-art, but of those purchased two years earlier (in 1981),

only 37 percent were still considered state-of-the-art. Six-

year old instruments were classified as state-of-the-art only 13

percent of the time. Altogether, 85 percent of the state-of-

the-art instruments were from 1 to 5 years old, and only 3 percent

were over 10 years old.

About half of all instrument systems actively in use

for research were in excellent working condition. As would be

expected, there is a relationship between working condition and

age of the instrument. Thus, 78 percent of instruments from 1

6
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to 3 years old were in excellent condition; of instruments 4 to

6 years old, 57 percent were in excellent condition; and of

those 10 to 12 years old, only 26 percent were rated as excellent.

Accompanying this decline in operating condition with age of

instrument was the "retirement" of instruments as they got older.

In the biological sciences, 60 percent of instruments that were

inactive (presumably because of mechanical or technological

obsolescence) were over 10 years old.

Of the state-of-the-art systems, which were relatively

new, 85 percent were considered to be in excellent condition.

Only 44 percent of those not considered state-of-the-art were

in excellent condition, however. These "other- systems were

considerably older and they constituted nearly 80 percent of all

equipment inactive use.

A substantial amount of other than state-of-the-art

equipment is to be expected. Much laboratory research does not

require the most advanced instrumentation. A problem arises,

however, when investigators using pon-state-of-the-art equipment

do not have access to more advanced equipment when needed. This

problem was found frequently; nearly half of the non-state-of-

the-art instruments in research use were the most advanced instru-

ments of their kind to which users had access. This situation

is an obstacle for investigators attempting to engage in more

sophisticated research. The entire research effort in the

biological sciences is hindered when problems such as mechan-

ically unreliable equipment and lack of access to advanced

instrumentation become prevalent.

7
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Funding of Equipment in Active Research Use

Almost all research instruments (948) in the biologi-

cal sciences and departments of medicine were acquired new.

Sources of funding were evenly split between Federal and non-

Federat sources for the biolJgical sciences, but for departments

of medicine, nearly two-thirds of th= funds came from non-Federal

sources. For private institutions, a larger rrnportion of equip-

ment funds came from Federal sources than for public ...nstitutions.

NIH was the principal source of Federal funds for

acquisition of research equipment in the biological and medical

sciences, contributing 44 percent of all funds for medical schools

and 31 percent for graduate schools. NSF was the only other

significant Federal source, contributing a larger proportion of

graduate school funds than of medical school funds. The insti-

tutions were the major source of non-Federal funds. State

governments and private foundations gave only small amounts for

research equipment. The amount contributed by business and

industry for equipment was negligible.

NIH funds, while accounting for 38 percent of all

equipment purchases, contributed 47 percent of the support for

purchases of instruments in the $10,000 to $25,000 range but

only 28 percent of the dollar support for existing equipment

costing $75,000 or more. Institutions, nowever, which con-

tributed 37 percent of all funds for equipment, purchased 31

percent of the instruments costing under $25,000 and 41 percent

of those costing $75,000 or more. NSF-supported purchases for

equipment followed the same pattern as that for institutions.

Sixty percent of all biological science instruments

received full or partial Federal funding, compared to 48 percent

of those in departments of medicine.

8
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Location and Use of Academic Research Equipment

About 65'percent of all equipment in the biological

sciences and 70 percent in depaitments of medicine were located

in the laboratories of individual investigators. The remainder

were in inherently shared-access facilities, mostly department-

managed common laboratories. Costly instruments were frequently

located in the inherently shared-access facilities; this held

true to a greater,extent for graduate schools than for medical

schools, and for public 'institutions than for private institu-

tions. Older instruments were also more likely to be located in

inherently shared-access facilities.

The location of most instruments within laboratories

of individual dnvestigators did,not necessarily mean that they

were 'not shared. The mean number of users-offall instruments

was 11 per instrument. The large majority of instrument systems

were available for general'purposes, as oppoded to 'being dedi-

cated for specific experiments. For these general purpose instru-

ments, the'mean number of users was almost 12 per instruient.

:About 95,percent,of all' instruments in the biological

sciences were used by faculty within the same''department,, and 85

percent were also used -`by graduate students, medical students,

and postdoctorates from-the departments. Additionally, 36 per-

cent were used'by faculty from other departments in the insti-

tution. visiting researchers from other universities and visiting

nonacademic researchers used the more costly instruments far

more ;frequently than the lower,cost ones; this held true also

."for researchers'from other departments at the same institution.

The average instrument in .an investigator's laboratory

was freely accessible to other research investigators, as evidenced

by the numbers of users and the origins of users. From this

9
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observation, together with the finding, that 35 percent of all

instruments were located in facilities that are -- by their very

nature -- shared=access, it is evident that sharing of research

equipment is common in academic facilities.

Maintenance and Repair of Academic Research Equipment

Only 16 percent of departments in the biological and

medical sciences considered their maintenance and repair (M&R)

facilities as excellent. Nearly 5.0 percent reported either

insufficient or nonexistent facilities. On the whole, departments

ofmedicine were more satisfied with their M6R facilities than

were departments:in the biological, sciences. All departments of

medicine had such facilities, while 111percent of biological

science departments did not.

InyY 1981, 22.5-cents were spent on M6R for every

dollart:spent forxiew equipment. The mean expenditure per depart-

ment for M&R was $30,200. Nearly.two-thirds of this amount was

spent for service contracts and field service as needed. Service

contracts,,used'more frequently than any other means of servicing

instruments, cost'an-average of $2,300 per instrument, compared

to $700-per instrument for field service and less for university-

based M&R staff and research personnel, who sometimes performed

this function.

The amount spent per instrument for,M6R: rose after the

instrument became six years old. While the overall muan expendi-

ture per instrument was $1,100, it was $900 for those between 1

and 5 years old, and over $1,300 for those over 5 years of age.

The mean MeR expenditure for instruments costing from $75,000 to

$1 million, $6,300, was 'far-more than the $700 expended for MGR

for those costing between $10,000 and $29,999.

1. r is
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Thus far, findings have been summarized with respect

to,tOpic areas. In addition, numerous differences have been

observed among groups of institutions, among subfields of research

within the biological and medical sciences, and between the

biological sciences and the other fields of science encompassed

in, the larger two-year study of academic-research equipment.

These group comparisons are briefly summarized here.

Differences Among Institutions

(1) Medical and graduate (nonmedical.) schools. Levels

of investment in research instrumentation were, substantially

higher for medical schools than for other academic institutions.

For all indices examined -- equipment per institution, per instru-

ment, per faculty-level researcher, per doctoral degree awarded --

medical schools had larger instrumentation investments, both

aggregate and current, than graduate (nonmedical) schools.

12) Private and public institutions. Privately con-

trolled institutions consistently, showed an advantage over public

institutions-on a number of important dimensions. Their research

instruments-generally cost more, were newer, and were better

able to meet research needs. Private institutions. also. had

better maintenance facilities and spent more for maintenance and

repair of their instruments.

11
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Differences Among Subfields of Research in the

Biological Sciences

'Certain subfields of research stand out from'the others

in some characteristics. A brief summary of major, differences

follows.'

. Biochemistry had the largest number of instruments

costing over $10,006--- nearly 4,500. It also had a higher

proportion of instruments funded by Federal agencies than any

other subfield.

. In many respects, molecular/cellular biology

appeared to be the best equipped research subfield. It had the

second largedt number of instruments, 2,900. In percentage of

instruments in excellent working condition, it ranked very high.

'Department heads in this discipline were more satisfied with the

quality of their current instrumentation than in any other sub -

field. Equipment expenditures per faculty researcher in 1983

exceeded by a large amount those for all other disciplines.

Anatomy and pathology were two of the smaller

subfields in numbers of instruments. They had the highest costs

per instrument, $32,000 and $31,000 respectively. Both subfields,

Particularly anatomy, also had unusually high proportions of

instruments over"10years old in active research use.

Zoology, botany, and food/nutrition were disciplines

found almost entirely in nonmedical subdivisions of universities.

They were the three subfields with the smallest numbers of instru-

ments. Very high proportions of department heads stated that

their staff could not perform critical experiments in these

discipl_::s because they lacked appropriate inst.ur.,Atation.
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Food/nutrition had the lowest cost per instrument ($22,000) of

any subfield, the poorest maintenance, and had, by far, the

lowest percentage of Federal funding for its equipment.

Differences Between Departments of Medicine and

Biological Science Fields

Departments of medicine, included in the survey as an

experiment to assess the feasioility of obtaining instrumentation

indicators for medical (clinical) sciences, apparently can pro-

vide data on samples of research instruments as easily as the

biological sciences. With respect to Department/Facility Ques-

tionnaires, however, it was learned that some of the larger,

more diverse departments of medicine had difficulty in assembling

expenditure, funding and needs data for all the clinical fields

subsumed within their jurisdictions. A better approach to

collecting such data might be to go directly to each of the

component clinical programs or subunits of departments of medicine.

For most of the analyses performed in this report,

departments of.medicine (and presumably, the clinical sciences)

had somewhat differert results than the biological sciences.

Departments of medicine apparently retired instruments at an

earlier age than did the biological sciences. Within medical

schools, the average msts of equipment per researcher were

nearly twice as large for the biological sciences as for depart-

ments of medicine. This difference on an index of equipment

intensity is probably a function of the kinds of research performed

by physician-researchers in clinical departments, compared with

those in the basic biological sciences. Whereas over half of

the funds for purchase of equipment in the biological sciences

came from Federal agencies, 38 percent of equipment funds came

13
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from those sources for departments of medicine. The difference

was made up by institutional funds, indicating a possible differ-

ence in institutional resources between the clinical and

biological sciences.

Differences Between Biological Sciences and Other

Fields of Science

The biological sciences differed from the other fields

of science addressed in the field survey. They accounted for 38

percent of the instruments in all the fields surveyed; the next

largest field was the physical sciences, with 25 percent of all

instruments. The mean cost per instrument in the biological

sciences was $27,000, compared to $41,000 for the physical sciences

and $35,000 for engineering. Instruments in the biological

sciences were somewhat older than those in other fields, but

there were proportionately fewer instruments in the national

stock in biology that were technologically or mechanically

obsolete. The average instrument in the biological sciences was

used by somewhat fewer investigators than was the case in other

fields. The furkling pattern for the biological sciences was

unlike that for any other field, because of the prominence of

NIH as a funding source in the biological sciences: NIH directly

contributed 39 percent of the costs of all academic instrumentation

in this field.
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HIGHLIGHTS

This,report presents findings from a survey of
existing research instruments and instrumentation
needs'in biological science departments and faci-
lities in a national sample representative of the
249,11,S. :universities and medical schools with
the largest R&D:funding. The data. are part of a
larger survey of academic research instrumentation
in'all major,

on instrument
science and engineering.

The survey focUses n instrument systems in the
$10,000 - $1 Million range:

As a test of the feasibility of collecting data
for clinical fields as well as for basic science
fields, medical,school departments of medicine
were included in the data collection. No major
feasibility or response problems were encountered
and data from these departments were included in
the analysis of findings.

At all levelsOf data collection, from central
administration to department heads to faculty
researchers, response rates were extraordinarily
high -- in the 95 -100 percent range. This excep-
tional response appears to indicate high levels
of interest and concern about the adequacy of
existing research equipment.

Less than one in five biological science depart-
ment heads characterized the adequacy of their
current research instrumentation as "excellent,"
and nearly 60 percent reported that there are
important subject areas in which researchers in
their departments cannot conduct critical experi-
ments because of a lack of necessary, equipment.

The 1983 national stock of academic research
equipment in the biological sciences and depart-
ments of medicine is estimated to have an aggre-
gate original cost of $555 million and a replacement
cost (in constant 1982 dollars) of $863 million.
Per facultpevel researcher, the average amount
of equipment (in original-cost dollars) is $21,200
per person.

Most items of equipment in the 1983 national
stock were comparatively inexpensive. The mean
purchase cost per instrument system was only
$27,000 in this field, far lower than for most
other major fields of science and engineering.

ii
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The. unit costs of the most urgently needed research
equipment, as reported by biological science
departMent heads, were also comparatively low.
Manof the most frequently mentioned items of
needed equipment had purchase costs of $30,000 or
less.

Only 18 percent of instruments in the 1983 national
stock were classified by their principal users as
state-of-the-art. About that same amount (i.e.,
16 percent of the total'stock) appeared to be
totally obsolete and no longer useful in research.

Of the equipment in active research use in 1983:

Half the systems were in some degree of
disrepair (i.e., in 'less than excellent
working condition);

80 perdent were not state-of-the-art; and

Of these latter instruments, half were the
most advanced instruments to which their
users had access.

Facilities for the maintenance and repair of
research instrumentation were characterized as
insufficient or nonexistent by nearly half of the
department heads.

About 22.5 cents were spent for maintenance and
repair (M&R) of "research instruments in FY 1983
for every dollar spent to acquire equipment in
that year. Most MR was performed through ser-
vice contract or field services as needed. The
mean cost per instrument for 'a service contract
was $2,3000, compared to $700 for field service
and less for service'performed by university-
based personnel.

The mean expenditure per instrument system for
MR in 1983 was $1,100. It was $900 for instru-
ments up to 5 years old, but more than $1,300 for
those six years and older. While an average of
$700 was spent for MR on instruments with an
original purchase cost less than $25,000, $6,300
was spent in 1983 for an instrument cos ing
between $75,000 and $1 million.

iii
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Most-equipment that was used 'for research in 1983
was used extensively. The mean number-of users

' per system per year was 11, and most systems were
used'by several' types of users (faculty,, graduate
students, 'etc..) both from the host department and

othee-'11,critii3'ns.

iithIn tie genial parameters- of need/condition/
''-'-41:asoleedence." jUiedesdiibeiV, private institutions

were typically somewhatbetter, equipped than
public institution-a: the research equipment in
:priVate Ihstitutronti- tended 'tci:be newer Mate
costly;-:11pre licilumineue_,and- in better -repair than
thak in public institutions. Similar differences,
infävor Inedical sch-obl`d, were found 'between
medical achools and nonmedical academic ,institutions.

- e :

iv

7 2



724

ACKNOWLEDGMENTS

The two-phase, baseline National Survey of Academic

Research Instruments and Instrumentation Needs was designed and

conducted by Wediai, Ind.4,initially=under the sponsorship and

direction,of tha Universities and Nonprofit Institutions' Study

Group, Division of,Science ReseurCes,Studies, of the National

Science: Foundation (NSF). :Phase I of the research, involving

collection.of:dit0iii the phySical and computer sciences and

engineering4 was conducted under NSF Contract No.ERS-8017873.

Phase II, a part of which is the subject of this report, involved

collection of data for biological sciences, departments of medi-

cine, and other fields; it was suppor.ed jointly by NSF under

the above contract and by the Program Evaluation Branch, Office

of Program Planning and Evaluation (OPPE) of thc- National Insti-

tutes of Wialth (NIH). The NIH support provided for collection

and analysis of data from a nationally representative sample of

medical schools (under NIH Contract No. NO1-0D-3-2120), in addi-

tion to the NSF-sponsored data collection from nonmedical compo-

nents of U.S. colleges and universities. Preparation of this

report was also supported by the above-referenced NIH contract.

At the NIH Program Evaluation Branch, Helen Hofer Gee,

Ph.D. (Branch Chief), and Charles Sherman, Ph.D. (Project

Officer), performed major roles in the development of the Phase

II design and analysis plan and provided technical oversight

dur,ng the survey. In addition, Maj.= contributions were made

by Marvin Cassman, Ph.D. (National Institute of General Medical

Sciences), W. Sue Badman, Ph.D. (Division of Research Resources,

NM, and Rachel E. Levinson (OPPE, NIH), who developed the

instrument typology that was used for the analysis of instruments

identified by respondents as being most urgently needed at the

current time.



725

The following contractor staff performed significant

roles in the survey and in preparing this report:

Lance Hodes, Ph.D., Westat Corporate Officer-in-Charge
Kenneth Burgdorf, Ph.D., Principal Investigator and

Second Author of Report
Howard J. Hausman, Ph.D. (Westat consultant), University

Recruitment and Liaison, and Principal Author of
Report

.Cindy Gray, Data, Processing Supervisor
Joseph Waksberg, Statistical Advisor
Deborah Turner, Table Programmer
Kristine White, Editor
Carol Hambright, GraphicS

In addition to the NIH and Westat project teams, the

project's Phase II Advisory Group made many valuable contribu-

tions both in the refinement of the research design and in the

assessment of the statistical findings. The members of this

group are listed in Appendix D.

vi

731
JI



Chapter

HIGHLIGHTS

726

CONTENTS

Page

ii

ACKNOWLEDGEMENTS

INTRODUCTION' 1-1

1.1 Background of the Survey 1-1
1.2 Overview of the Survey., 1-5
1.3 ObjeCtives and Limitations of This

. . 1-7
1.4 Contents of Thin Report 1-8

2 METHODOLOGY 2-1

2.1 Sample Design 2-1
2.2 Survey Procedures 2-7
2.3 Definitions 2-7
2.4 Survey Response 2-12
2.5 Data Collection for Departments of

Medicine 2-18
2.6 Treatment of Data 2-19

3 NEEDS AND PRIORITIES FOR RESEARCH EQUIPMENT
ASSESSMENT BY DEPARTMENT HEADS 3-1

3.1 Adequacy of Current Instrumentation. . 3-1
3.2 Priorities for.Increased Federal

Support 3-5
3.3 Types of Instrumentation Most Urgently

Needed 3-7
3.4 Summary 3-12

4 EXPENDITURES FOR RESEARCH EQUIPMENT, FY 1983. 4-1

4.1 Department Expenditures for. Instrumen-
tation 4-1

4.2 Equipment Expenditures per Research
Investigator and per Institution . . . . 4-3

4.3 Summary 4-6

5 THE NATIONAL STOCK OF ACADEMIC RESEARCH
EQUIPMENT 5-1

5.1 Number and Cost of Instrument Systems. . 5-1
5.2 Unit Costs 5-5
5.3 State-of-the-Art and Obsolete Instrument

Systems 5-15
5.4 Summary 5-18

viii



CONTENTS (continued)

Chapter Rape

6 AGE AND CONDITION OF RESEARCH EQUIPMENT . . . 6-1

6.1 Age of Research Equipment
6.2 Condition of Research Equipment
6.3 Summary

6-1
6-10
6-17

7 FUNDING OF EQUIPMENT IN ACTIVE RESEARCH USE . 7-1

7.1 Means of Acquiring Research Equipment. . 7-1
7.2 Funding Sources for Research Equipment 7-1
7.3 Summary 7-13

8 LOCATION AND USE OF ACADEMIC RESEARCH
EQUIPMENT 8-1

8.1. Location- of, Equipment 8-1
8.2 Availability for Gener.l Purpose Use . 8-6
8.3 Annual Number of Research Users per

InstruMent System 8-9
8.4 Summary 8-13

9 MAINTENANCE AND REPAIR 9-1

9.1 Assessment. of M&R Facilities 9-1
9.2 The Costs. of M&R . . . 9-3
9.3 Relationship of Meauof Servicing to

Working Condition 9-8
9.4 M&R Costs and Age of Instruments . . . 9-8
9.5 Summary 9 -12

10. SUMMARY 10-1

10.1 Overview 10-1
10.2 Department-Level Findings 10-1
10.3 The National Stock of Academic Research

Equipment 10-3
.10.4 Age and Condition ot Academic Research

Equipment 10-4
10.5 Funding of Equipment in Active Research

Use 10-6
10.6 Location and Use of Academic Research

Equipment 10-7
10.7 Maintenance and Repair 10-8
10.8 Group Comparisons 10-9

ix

733



728

CONTENTS (Continued)

Tables

Table Page

1-1 Percent of NIH research project grant
funds allocated for permanent laboratory
equipment, fiscal years -1966 -1974 1-2

1-2 NIH equipment awardsy fiscal years
1r75-1984 1-3

2 -1. Institution sample design, graduate
(nonmedical) schools 2-2

2-2 Institution sample design, medical schools. . 2-3

2-3 Department/facilities survey response rates:
Biological and Medical Sciences 2-14

2-4 Equipment survey response rates: Biological
and Medical Sciences 2-16

2-5 Status of sampled equipment items:
Biological and Medical Sciences 2-17

3-1 Department/facilities reporting important
areas in which critical experiments cannot
be performed'due to lack of needed equipment:
Biological and Medical Sciences 3-2

3-2 Department/facility assessment of adequacy of
available research instrumentation:
Biological and Medical Sciences 3-4

3-3 Department /facility recommendations for
increas(>3 Federal support for research
instrumentation: Biological and Medical
Sciences 3-6

3-4 Number of requests and average cost of
research instruments most urgently needed
in academic settings, by type of instrument:
Biological and Medical Sciences 3-8

3-5 Distribution of estimated costs for most
urgently needed research equipment, by
department: Biological and Medical Sciences. 3-10



729

CONTENTS (Continued)

Tables (continued)

Table

3-6 Types of research instruments most urgently
needed by department: Biological and
Medical Sciences

Page

3-11

4-: Instrumentation-related expenditures in
FY 1983; Academic departments and facilities:
Biological and Medical Sciences 4-2

4-2 Research equipment expenditures per person
and institution in FY 1983; Academic
departments and facilities: Biological
and Medical Sciences 4-4

5-1 Amount of academic research equipment, by
setting; Instrument systems in 1983 national
stork: Biological and Medical Sciences . . . 5-2

5-2 Aggr*gate cost of academic research equip-
ment, by setting; Instrument systems in 1983
national stock: Biological and Medical
Sciencea 5-4

5-3 Distribution of academic research equipment,
by system cost range; Instrument systems in
1983 national stock: Biological and
Medical. Sciences 5-6

5-4 Distribution of aggregate costs of academic
research equipment, by system cost range;
Instrument systems in 1983 national stock:
Biological and Medical Sciences 5-7

5-5 Mean aggregate original purchase cost of
academic research equipment per institution
and per instrument system, by setting;
Instrument Systems in 1983 national stock:
Biological and Medical Sciences 5-9

5-6 Mean aggregate original purchase cost of
academic research equipment per doctoral
degree awarded and per faculty-level
researcher; Instrument systems in 1983
national stock: Biological and Medical
Sciences

xi

f
735

5-11



730

CONTENTS (Continued)

Tables (continued)

Tible Page

5-7 Average numberof doctorates awarded from
1980 to 1983 and aggregate instrument costs
per degree; Instrument systems in 1983
national stock: Biological and Medical
Sciences 5-14

5-8 Research status of academic equipment;
Instrument systems in 1983 national stock:
Biological and Medical' Sciences 5-16

5-9 Aggregate cost of academic research equip-
ment, by, system research status; Instrument
systems in 1983 national stock: Biological
and Medical Sciences 5-17

6-1 Age of academic research equipment;
Instrument systems in 1983 national stock:
Biological and Medical Sciences 6-2

6-2 Percent of academic research equipment that
is state-of-the-art, by year of purchase;
Instrument systems in 1983 national stock:
Biological and Medical Sciences 6-4

6-3 Age of academic research equipment;
Instrument systems in research use in 1983:
Biological and Medical Sciences 6-6

6-4 Age of academic research equipment;
State-of-the-art instrument systems in
research use in 1983: Biological and Medical
Sciences 6-9

6-5 Percent of academic research equipment in
excellent working condition, by research
status; Instrument systems in research use
in 1983: Biological and Medical Sciences . . 6-12

6-6 Research function of academic research equip-
ment that is used for research but is not
state-of-the-art; Instrument systems in
research use in 1983: Biological and Medical
Sciences 6-13

xii

3 "6



t%
}',1*

'CONTENTS (Continbed)

"Taialee Idoniinued)

Table

.-1 'Means Of aqUisition,Of academic research
eiiipMenWInstrument WysteMs in research
use'ie1983: Biological and-Medical
Sciences 7-2

Page

7-2 Acquisition cost of aCademiC research equip-
'men, by theans.of,acquiSitiont-Instrument,
sYStemi in research use in 1383: Biological
and Medidal Sciences,.. ........ 7-3

.

7-3 Sourads off' viS"...fOr.aaadelnic'rAeardilk
equipment,liy'figd.-and.setting;
Instrument systems. in reseirch'use'in 1983:
.Biold4ical and Medical .Sciences 7-5

,

7-4 Sourcesof funds for academia research
.)

equipment, by'institutionatI,Control;
Instrument systemsin research ubein"1983:
Biological and Medical Sciences 7-3

7-5 Sources of funds Eor academi.regearah
equipment, by sysieM,Cost rangei
Instrument systems in research use in 1983!
Biological and Medical Sciences

7-6 Fedora]: involvement in funding of academic
research equipMent; Instrument systems in
research use in 1983: Biological and
Medical Sciences

8-1 Location of academic research equipment;
instrument systems 41..research use in 1983:
Biological and Mediae/ Sciences 8-2

8-2 Percent of'acaddmic research .equipment
located in shaied-access facilities, by
research stat74; Instrument systems in
research use in'1983: Biological and Modical
Sciences 8-4

8-3 Percent of academic research equipment located
in shared-access facilities, by system cost;
Instrument systems in research use in 1983:
Biological and Medical Sciences 8-5

7-11

7-12

53-277 0 - 86 - 24

737



732

CONTENTS (Continued)

Tables.(continued)

Table. Page.

8-4 Percent of academic, research equipment
located-in shared - access 'facilities, by age
of system; InstrUmedt systems ieresearch
use in 1983: Biological and Medical SCiences. 8-7

8-5 Eimerimentn1 role of academic research
equipment} Instrument Systeis in research
use in 1983: Biological' and Medical Sciences. 8-8

8-6 .Mean number of research-users of'academic
research research function;
InstrUmeasysteie itrresearch use in 1983:
BiologiCil aneMedical'Sciences.s , .

8-7 PerCent of acadeMie research equipment used
by various types of research users;
Instrument, systems ix. use in 1983: Biological
and,MediCil Sciences

9-1 Department /facility assessment of available
instrnmentation4;upport services:
BiologiCal'and rf Sciences 9-2

9-2 Mean Pt 1983 expenditure per department/
facility for-maintenance and repair of
research equipment: Biological and Medical
Sdiences 9-5

973 Principal means of servicing in-use academic
research instruments: 'Biological and Medical
Sciences 9-7

8 -10

8-12

9-4 Percent of in-use academi research instru-
ment systems that are in excellent working
condition, by system age: Biological and
Medical Sciences 9-9

9-5 Mean expenditure in 1983'per'system for
maintenance and repair of in-use academic
research instrument systems, by system age:
Biological and Medical Science3 9-10

738

xiv



733

CONTENTS (Continued)

Figures

Figure Page

6-1 Percent of equipment in the national stock
considered to be state-of-the-art in 1983,
by rear of purchase 6-5

6-2 Age distribution of academic research
equipment in active research use:
Biological and Medical Sciences 6-11

6-3 Percent of academic research equipment
that is in excellent working condition, by
year of purchase: Biological and Medical
Sciences 6-14

7-1 Sources of funds for equipment 7-4

Exhibit

Exhibit

2-1 Department types and subfields of research
for the Biological and Medical Sciences . . . 2-9

APPENDIX

A COMPARISON TABLES FOR ALL FIELDS OF SCIENCE . A-1

DEPARTMENT/FACILITY QUESTIONNAIRE 8-1

C INSTRUMENT DATA SHEET C-1

D ADVISORY GROUP, PHASE II SURVEY D-1

E SAMPLING ERRORS E-1

XV

739



1.1

734

1. INTRODUCTION

Background of the Survey

First-rate research requires first-rate equipment.

Research instruments in the biological and medical sciences

perform a-variety of functions, such as sorting cells, visual-

izing tissues, sequencing proteins or nucleotides, measuring

physical properties, and performing complex computations.

Scientific instruments must be in proper working condition,

capable of performing their functions, and possess the techno-

logical capacity to obtain the kinds of date, quantities of

data, and the resolution of data required by the research prob-

lems at the frontiers of present knowledge. Lackiug such instru-

mentation, investigators are either severely handicapped in

their ability to design experiments and to collect data, or they

must turn away from some of the most important problems of their

discipline.

The evolution of scientific research problems and

equipment has spawned increasingly complex and expensive instru-

mentation. Replacement of obsolete instruments, as well as

acquisition of instruments of totally new design and capabili_les,

is friluently necessary to maintain the level of research that

will keep the United States at the forefront of scientific knowl-

edge and technology.

Many advances in scientific, knowledge and in instru-

ment technology have originated in university-based laboratories

since World War ii. However, since the early 1970's, colleges

and universities have experienced falling student enrollment and

rising costs in all chases of operation. The resulting fiscal

retrenchments have reduced the agility of institutions to fund

1-1
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the purchase of scientific research equipment at the very time

that equipment costs have been rapidly increasing. Simulta-

neously, Federal, support for the purchase of equipment has been

declining.1 For example, the-National Institutes of Health,

which is the principal source of support for the biological

.sciences, has experienced a decline in the percentage of research

grant and contract awards earmarked for the acquisition of re-

search instruments. Table 1-1 shows that the percentage of

research project grant funds expended for permanent laboratory

equipment declined from nearly 12 percent in 1966 to less than

six percent by 1974. Table 1-2 presents a more recent time-

series showing the amount and proportion of research and shared

instrumentation program awards budgeted for equipment. The

percentages vary from 4.6 percent in 1975 to 3.7 percent in

1984.

Table 1-1. Percent of NIH research project grant funds allocated
for permanent laboratory equipment, fiscal years
1966-1974*

Year Percent

1966 11.7%'
1967 11.8
1968 9.5
1969 7.5
1970 5.9
1971 6.2
1972 6.6
1973 4.9
1974 5.7

*Includes the National Cancer Institute, the National Institute
of General Medical Sciences, and the National Heart and Lung
Institute. Source: National Science Foundation, Science
Indicators, 1974, Table 2-12.

1See Kennedy, Donald. Government Policies and the Cost of Doing
Research; Science, 1 February 1985, Vol. 227, pp. 480-484.
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Table 1-2. NIH equipment awards, fiscal years 1975-198'*

[Dollars in thousands]

Year
Dollars budgeted Percent of total
for equipment dollars awarded

1975 $ 49,693. 4.6%
1976 56,673 3.9
1977 5E4697 4.3
197 8 68,009 4.4
1979 85,161 4.6
1980 79,327 3.8
1981 73,359 3.3
1982 74,657 3.2
1983 89,512 3.4
1984 109,720 3.7

Includes all NIH extramural research and shared instrument programs.
Source: NIH internal document.

Evidence has been accumulating that these funding

problems have affected the quality of research in universities.

A recent survey of 16 prestigious research universities revealed

that leading investigators were already experiencing difficulty

in performing experimental research at the frontiers of their

fields because of the lack of proper instrumentation.2 While

the survey confirmed other accounts of the problem, all of the

evidence was anecdotal, and a demand arose for more comprehensive
and objective data.

In recognition of the need for "objective information

in the area," the House Committee on Science and Technology

recommended that the National Sciende Foundation "conduct

2Association of American Universities. The Scientific Instzu-
mentation Needs of Research Universities, Report to NSF= _980

1-3
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inventories of, and analyses of the needs for, scientific instru-

mentation."3 The resulting legislation, when enacted and signed

into law, directed the Foundation to "develop indices, correlates

or other suitable isasures or indicators of the status of scien-

tific instrumentation in the United States and of the current

and projected need fni scientific and. echnological instrumen-

tation:"4 In response to this mandate, the Foundation initiated

a feasibility study in FY 1980: (a) to design quantitative

indicators of current status and trends in the stock, condition,

utilization and needs for research 'instrumentation in academic

settings, aid lb) to asseeiihe availability of this information

and deteiMine the most appropriate data sources and methods of

data collection. The advisory group for this study included

representation from the National Institutes of Heaith.

The feasibility study, conducted in the fall of 1981

at a national sample of 38 colleges and universities, concluded

that it is feasible to obtain reliable quantitative indicators

of current status and trends in academic research instrumenta-

tion. The feasibility study final report presented recommends=

tiOns concerning proposed data collection methodologies and

statistical in'icatort to be constructed from the resulting

data.5 Final specifications for the baseline national survey

were developed by NSF following extensive review of tba feasi-

bility study findings by other Federal agencies and by university

scientists and research administrators.

311ouse of Representatives Report No. 96-61 (1979), p. 30.

4An Act to Authorize Appropriations for Activities for the National
Science Foundation for Fiscal Year 1980, and for Other Purposes,
Public Law 96-44, Section 7.

5lndicators of Scientific-Research Instrumentation in Academic
Institutions: A Feasibility Study.- Westat, Inc:, Marc.

1-4
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1.2 Overview of tEe Survey

The National Survey of Academic Research Instruments

and Instrumentation Needs calls for the development of quanti-

tative,baseline indicators of the national status and of emerging

trends in the stock, cost/investment, condition, obsolescence,

utilization, and need for major research instruments in academic

settings.

This baseline survey was conducted in two phases.

Phase I, conducted during the 1982-83 academic year at a strati-

fie:1 probability sample of 43 universities, was concerned with

existing academic research instruments and instrumentation needs

in the physical and computer sciences and in engineering. Phane

I was conducted entirely under NSi sponsorship.6

The National Institutes of Health joined the study for

Phase II, which was conducted during the 1983-84 academic year

with the collection of data for the biological, agricultural,

and environmental sciences. The same sample of universities

that participated in Phase I contributed to Phase II. In addition,

a separately drawn sample of 24 medical schools was added, under

NIM sponsorship, to provide a comprehensive picture of academic

instrumentation in the biological sciences.

A limited study was also undertaken to determine the

feasibility of obtaining the same data for medical (i.e., clinical)

sciences as for the biological sciences. Departments of Medicine

in the medical schools were chosen for this purpose. The partic-

ular medical sciances.included in Departments of Medicine are

6Academic Research Equipment in the Physical and Computer SciencesfoiEn.ineerin.,AnAPhase I of the
Nationadatfon'sNationalT,Suervy ofliTiaiREFETRiiearch
Instrumeuts'and InstrumentiTan Needs. Westat, Inc., December
1984.
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not consistent Tibm-one institution to another, but in-chide a

__viriety of clinical subspecialty-areas. This segment of the

-:studfl.s not equivalent to the samplingeurvey-done for the

biological sciences, since no defined set of disciplines is

cbvered, but it can be considerecla case ,study-to,be evaluated

-for the loossibility ofmore formal investigation.

In each phase, two kinds of data were collected. First,

all departments and nondepartmental-research.facilities in appli-

cable fields were asked to provide information about the department

or, facility as awhole,.partiahlarly.as regards research equipment

costs and needs. )eparthent/ficirity Leads provided this,infor-
,

mation. Second, from equipment llstinyedhpplied:by the university,

a sample of research instrumentiYatedis was selected from each

department and facility; and the,prinaipal investigator (or

other knowledgeable individual: was asked'io-proVide information

about the sampled instrument's cost, age, conditibn, use, etc.7

These latter data were ased,to construct quantitative statistical

indicators of these variables for the national stock of existing

academic research instruments in the fields surveyed.

The equipment survey' component of each phase was

restricted to instrument systems-with an original purchase cost

of $10;000 to $1 million. Systems above this range are generally

well-known throughout the research and po.icymaking communities

and are individually subject to,ongoing,policy analysis. The

lower limit waseet at $10,000 for efficient, survey Coverage.'

According.to the feasibility study, instruments priced at

$10,000 or more-accounted for over 80percent of the aggregate

costs, but only 10 to 15 percent of the total number of systems,

7Until very recently, it would not have been feasible to obtain
the kinds of equipment lists required for the selection of
instrument sanples. Most of the computerized uniersity property
inventory systems that were so useful in generating sampling
lists for the study had come into being, or had been substantially
upgraded, within the past 1-3 years.

1-6
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of all academic research instruments costing $500 and.over.

Also, it was the consensus of the NSF /nteragency Working Group

,advisors that individual pieces, of equipment below $10,000 are

seldom of rritioal importance in determining whether an academic

scientist or engineer is able to pursue his or her research

interests.

1,11 t Objectives and.l.imitatiOns of This Analysis

This analysis isconcernerimarily with the-;,

icalseiences in, medical,schools and in the nonmedical components

of colleges and - universities, the latter being referred to as

graduate schools. Additional data are. - reported for Departments

of Medicine in the_medical schools as part of an exploration of

the feasibility;. of obtaining inforiation,on instruments used in

: 'clinical research.

The study provides a baseline for measuring future

changes in instrument costs, quantity, obsolescence, condition,

and utilization. It also provides, for the first time, a set of

quantitative statistical, indicators for measuring the, changes.

The,statistics,presentcd here funCtion as a snapshot of the

current status of instrumentation in academic settings, couched

in terms of the indicators. Not only do these figures describe

what has been found for 1983 in the, biological and medical

sciences, but they also permit comparisons with different fields

of science. In addition, the most importantneeds of departments

and nondepartment research facilities axe summarized in general terms.

terms.

While this study offers the potential for_assessing

changes ovez time, that potential can be realized only by repli-

cations of the survey at suitable periods. To a limited extent,

746
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there are some data in the present study that display trends for

the last.few years of instrument acquisition; these data are

suggestive of the total picture but are not definitive, and they

need determinati.m from a separate survey.

This survey did not collect informatic.A on the total

number, cost, and condition of all equipment in academic research

settings, since the instruments included, were limited to those

costin:;:between,$1D,800and $1, million. Ei..reover, in this study

no account has been taken of instrumentation that may be available

to at least some university and medical school investigators in

nonacademic research facilities, a factor that may influence the

need for research instruments.

The principal analytic objectives of the present

study are: (a) to construct and examine a variety of quantitative

statistical indicators of major characteristics of the current

national stock of academic research equipment in several fields,

and (b) to document differences among resear_a fields and among

types of institutions in amount, age, condition, obsolescence,

sharing/usage, and perceived current needs for equipment.

1.4 Contents of This Report

This report focuses on statistical findings from the

survey of the biological sciences and departments of medicine.

There are eight more chapters. Chapter 2 is a brief description

of the survey methodology and of the response rates for the

survey. Chapters 3 throLgh 9 present statistical findings in

mach of six broad topic areas:

Needs and Priorities for Research Equipment:
Assessments by Department Heads

1-8
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Expenditures for Equipment, FY 1983

The National Stock of Academic Research Equipment

Age and Condition of Research Equipment

Funding of Equipment in Active Research Use

Locatiom,hnd Use of Research Equipment

Maifitehaifeeaild Repair

21apter 10 is a suMmiry of the principal findings of the survey.

The appendices include a set of comparison tables for all fields

of science (see Appendix A), offered's° that major results for

the biological sciences may be compared with those for all other

fields surveyed in Phases I and II. The questionnaire forms

used in the survey may be found in Appendices B and C. Appendix

D lists the members of the project's Phase II Advisory Group,

and Appendix E presents infc:maiton about the statistical precision

of the major types of national estimates ddrived from the survey

examples.

1-9
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2. METHODOLOGY

2.1 Sample Design

2.1.1 Institutions

2.1.1.1 Graduate Schools

The graiiate school segment of this study, perhaps

more accurately termed the nonmedical school component, consisted

of the same set of 43 institutions selected as the stratified

probability sample for the NSF Phase I study referenced previously.

The "universe" from which this sample was drawn constituted the

largest academic research and development (R&D) institutions in

the nation: the 157 nonmedical, nonmilitary U.S. colleges and

universities that had $3 million or more in separately budgeted

science and engineering (S/E) R&D expenditures in any of the

fiscal years FY 1977 - FY 1980.8 One of the sampled institu-

tions, a,technical college, had no research equipment in the

biological sciences; therefore, this report was based on data

collected from 42 sampled institutions.

The 157 institutions in the graduate school universe

collectively account for 95 percent of all nonmedical S/E R&D

expenditures reported to NSF for FY 1980 by all U.S. colleges

and universities. Thus, although the survey represents only a

small fraction of the nation's approximately 3,000 postsecondary

8
Academic Science R&D Funds, Fiscal Year 1180: Detailed Statistical
Tables. Surveys of Science Resources Series, National Science
Foundation, 1982 (GPO Publication No. NSF82-300).

2-1
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institutions, it encompasses most institutions with significant

capabilities fir the kinds of advanced research that require

instrumentation in the $10,000+ range. Such capabilities are

assumed to be very limited, or nonexistent, at most of the

thousands of other U.S. institutions of higher education that

have been excluded from the study universe.

In selecting the study sample of 43 institutions, the

probability of selection of each institution in the survey uni-

verse was approximately proportional to its R&D size, as indi-

cated by its FY 1980 nonmedical S/E R&D expenditures. Within

R&D size classes, the proportion of private (or public) insti-

tutions in the sample was approximately the same as i.. the nation

as a whole. The design is summarized in Table 2-1.

Table 2-1. Institution sample design, graduate (nonmedical) school:

FY 1980 S/E R&D

expenditures

No. institutions in nation No. institutions in sample

Tc'al Private Public Total Private Public

Total, all
institutions
over $3 million 157 53 104 43 15 28

Large institu-
tions, total 38 11 27 23 7 16
Over $90
million 3 2 1 3 2 1

$52.5-589.9
million 15 3 12 10 2 8

$33-$52.4
million 20 6 14 10 3 7

Smaller institu-
tions, total 119 42 77 20 8 12
$19-$TY:r
million 30 11 19 10 4 6

$3-$18.9
million 89 31 58 10 4 6

2-2
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2.1.1.2 Medical Schools

For the medical school component of the study, a sample

of 24 medical schools was selected from the universe of all

medical schools with at least $3,000,000 in total NIH awards in

1982.9 The 92 schools in this universe accounted for 97 percent

of all NIH awards made in FY 1982 to U.S. medical schools. For

the sample", six schools were-selected from each of four strata,

as shown in Table 2-2.

Table 2-2. Institution sample design, medical schools

FY 1980 S/E R&D

expenditures

No. institutions 4n nation No. institutions in sample

Total ' Private I Public Total I Private] Public

Total, all
institution::
over $3 million 92 40 52 24 10 14

Large institu-
tions, total 20 13 7 12 6 6

Over $43.6
million 8 6 2 6 4 2

$25.4442.2
million 12 7 5 6 2 4

Smaller institu-
tions, total 72 27 45 12 4 8

$13.5-524.7
million 18 9 9 6 3 3

$3.1-$13.4
million 54 18 36 6 1 5

The selection procedure was one that maximized overlap

with the original NSF institution sample. The probability of

selection of each institution in the survey universe was approxi-

mately proportional to its FY 1982 NI11 award'size.

9Summary of NIH TY 1982 Extramural Awards to Medical Schools,
Internal document, National Institutes of Health.
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2.1.2 Departments and Facilities

At each sampled graduate and medical school, the follow-

ing departments and facilities were identified as candidates for

inclusion in the survey:

All academic departments in the biological sciences;

; All institutronaliy operated, nondepartmental
research or instrumentation facilities in the
biological sciences; and

Departments of medicine in the medical schools.

All departments/facilities that contained one or more research

instrument systems in the $10,000 to $1,000,000 cost range were

asked to participate. A total of 195 biological science

departments /facilities in the graduate cools and 168 in the

medical schools, in addition to 24 departments of medicine, were

identified as "in-scope.' Each department/facility was asked to

complete a Department/Facility Questionnaire concerning its

instrumentation-related expenditures, needs find priorities, and

sources of funding support. (See Appendix 8.)

2.1.3 Research Instruments

The survey.was limited to instrument systems that

(a) were used primarily for research in 1983 or were intended

for such use; and (b) originally cost $10,000 to $1,000,800,

including the cost of any separately-purchased, dedicated acces-

sories or components. The sequence of steps taken at each

department/facility to obtain a sample of such instruments 's

descv4,bed in the following paragraphs.

2-4
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. A preliminary listing of all $10,000+ items of

research equipment was obtained, usually from the institution's

computerized central property inventory system. Often, the pre-

liminary lista were overly inclusive, containing in addition to

items of research equipment, miscellaneous property such as

'laboratory and other furniture, physical plant equipment (e.g.,

exhaust hoods, heating and air conditioning units), field trans-

portation equipment (trucks or vans), seoretarial equipment

(word processors, reproduction units), and the like.

. After preliminary screening out of entries that

ware unquestionably inappropriate, a random probability sample

of $10,000+ items was selected from each department/facility.

All items costing $sot000 or more were included in the survey.

For items in the $10,000 to $49,999 range, sampling rates ranged

from 100 percent for departments/facilities with from 1 to 11

surh items dAdo to,a simple random sample of 14.3 percent (1/7)

for departments/facilities with 97 or more such items. The

intent of this design was to ensure adequate sample sizes for

analysis without overburdening large departments and facilities.

Across the 387 eligible departments/facilities in the

66 sampled institutions (42 graduate schools and 24 medical

schools); a total of 9,238 equipment items were identified in

preliminary listings; of these, 4,555 ware selected for the

survey sample. Overall, the equipment sample included 190 items

costing between $100,000'and $1,000,000; 452 items costing

between $50,000 and $99,999; end 3,913 -items in the $10,000 to

$49,999 range.

. For each sampled instrument, department/facility

administrators were asked to arrange for the brief Instrument

Data Sheet to be filled in by the responsible principal investi-

gator or other person knowledgeable about the instrument's status,

cost, and condition. (See Appendix C.)
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2.1.4 Estimation Procedures

In later chapters, all results are reported in.the

form of national estimates statistically weighted to represent

all applicable research departments and nondepartmental research

facilities in the biological and medical sciences at institutions

in the study universe. As noted earlier, the universe to which

survey estimates apply consistsof the 157 largest nonmedical

R&D universities in the nation and the 92 medical schools with

the largest total 11111 awards.

The estimation weights that were.applied to depart-

ment/facility,questionnaire data mare not complex. Since all

applicable departments and facilities a sample university

were asked to participate in the survey and since most of them

actually did provide survey responses, the estimation weight for

each responding department was simply the inverse of the selec-

tion probability of the university or medical school in which

the department or facility'was located, multiplied by a small

nonmsponse adjustment factor.

Estimation weights for the survey of $10,000 to

$1,000,000 instruments were somewhat more intricate. The weight

for a completed instrument questionnaire was the product of:

The university sampling weight -- the inverse of
the university's probability of selection;

The instrument sampling =might -- the inverse of
the probability of selection of the particular
instrument from the department or facility equip-
ment list;

An adjustment to the initial instrument sampling
weight in situations where the instrument was
part of a larger system with two or more separately

2-6
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listed components in the $)0,000 to $1,000,000
range (in which case, the system selection proba-
bility was larger than the selection probrbility
for any one component); and

A nonresponsm'adjutImcant, where needed.

Information about the statistical accuracy of national

estimates derived from the study samples of departments and

instruments is presented in Appendix E.

2.2 Survey Procedures

At each institution, all data collection arrangements

were handled by a survey coordinator appointed, for graduate

schools, by the office of the president of the university and,

for medical schools, by the dean o the school. Typically,

coordinators were themselves senior administrators, such as

deans of the graduate schools or vice presidents of research.

TheThee Individuals were responsible for identifying all the relevant

departments and facilities; obtaining needed preliminary lists

of equipment; and after equipment samples had been selected by

the survey contractor, arranging for the distribution, co....pletion,

and return of survey questionnaires.

2.3 Definitions

The following definitions and guidelines are provided

tp assist the reader in t.".ng the data in this report.

2-7
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2.3.1 Field of Science

This report is concerned with two broadly defined

fields: (a) biological sciences, and (b) the clinical (or medical)

sciences, which are represented by departments of medicine.

Nationally, departments of medicine comprise 40 percent of faculty

in clinical departments. Tie bulk of the data was reported

either by depdrtment type or. by subfield of research. Data

obtained from the Department/Facility Questionnaire were broken

out by department type, based largely on the name of the depart-

ment or facility. The analysis categories are shown in Exhibit 2-1.

The category of biology, general and n.e.c. (not

elsewhere classified), is a combination of biological science

departments and facilities that do not fit into any of the other

classifications. The majority,of these are departments of general

(undifferentiated) biology, which are not uncommon in nonmedical

schools. However, a few miscellaneous medical school department

facilities conducting research in a variety of biological science

fields (i.e., cancer research centers and other interdisciplinary

biomedical science research centers) are included in this

classification.

When findings about instrument systems are based on

information from the Instrument Data Sheet, the data are broken

out by subfield of research, rather than by type of department.

This is because an instrument may be carried on the inventory of

a department in one discipline while actually being used in a

discipline other than the one implied by the department name.

For example, many instruments assigned to departments of general

biology were actually used for research in biochemistry or molec-

ular biology. The u,Ir of the instrument was asked on the

questionnaire to list_the principal field of research in which

the instrument was employed, and the researcher's description
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Exhibit 2-1. Department types and subfields of research
for the biological and medical sciences

Biochemistry

Micro11.1olOgy
(includes imminbLigy, bacteriology, virology)

Molecular /Cellular Biology
(includes genetics, embryology, developmental biology)

Physiology/nAeohysics

4natomy

Pathology
(excludes laboratorvmedicine, clinical pathology,

clinical chemistry)

Pharmacology/Toxicology
(excludes clinical pharmacology)

2ooloW/Entomology
(includes parasitology)

Botany

Food and Nutrition

Biology, General and n.e.c,
(includes cancer research centers, interdisciplinary

biomedical science research facilities)

Departments of Medicine*

Interdisciplinary, n.e.c.**

*For subfields of research, the designation is Medical Sciences/
Departments of Medicine, and includes instruments located in
other departments.

**
This category is used only for subfields of research; n.e.c.
means not elsewhere classified.
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for classifying the instrument into its subfield of research.

There were significant differences between the number of instru-

ments assigned to departments named for a discipline and the number

used in the subfield of research carrying the name of that discipline.

Ohe designation change was necessary fn the parallel naming of

the two sets. Several subfields of medical sciences research

were present in most departments of medicine. Instruments used

for research in one or another of the medical sciences -- most

of which were located in departments of medicine -- were given a

generic subfield classification of Medical Sciences/Departments

of Medicine. A subfield category was also needed to account for

a small number of instrument systems that were carried on the

inventories of departments in the biological sciences but were

'actually used in fields outside the biological sciences -- biomedical

engineering, chemistry, etc. This subfield cr.Gegory was named

"Interdisciplinary, n.e.c."

2.3.2 Institution Control

Institutions were classified according to the_nature

of the controlling body; i.e., private vs. public ownership.

2.3.3 System

For purposes of data collection, an instrument system

was defined as a sampled instrument or component, selected from

a department/facility property inventory list, plus any separately

acquired "add-ons" or components thtt, as of December 31, 1983,

were dedicated solely for use with the sampled items. The instrument

system was the basic counting unit in the equipment survey, and

all reported cost figures reflected costs for the full system --

2-10
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the base unit plus.all dedicated accessories. The equipment

Surverwas limited to systems with an original purchase cost of

'.410i000 tc01,000,000.

2.3 :4 1983 National Stock of Academic Research Equipment

in this report, tha "national stock" of acadeMic re-

search equipment referi.to.all instrument systems costing $10,000

to,1000,000that, as of December 31, 1983, were physically

located at an academic institution,in the survey universe and

were principally used (or intended .for use) L. original scientific

,research la.one or more offthe fields encompassed by the survey.

The term national stock includes systems, actually used for research

in 1983 as wall as existing composentsSof nonoperational systems

still under construction at the' end of 1983: Research systms

that were-physically present but inoperable or inactive throtgh-

out 1983 are also included as part o: the national,stock.

2.3.5 Purchase Cost

The purchase cost refers to the manufacturer's list

price at the time of original purchase (i.e., when new). For

multi-component systems, the, purchase cost is the aggregate list

price of all components, and accessories. Except where clearly

specified otherwise, all cost /value /investment statistics in

this report refer to system purchase cost.

2.3.6 Ac4uisition Cost

In this report, this is the actual cost to acquire the

instrument system at the present university, including trans-

portation and construction/labor costs. For used, discounted,

2-11
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or rebated equipment, it is the priCe actually paid to the seller

plus transportation and installation costs; for donated, loaned,

transferred, or surplus equipment, it is just the transportation

and installation costs, if any.

2:3%7 1982 Cost-Equivalent

_

This is the original purchase cost converted to 1982'

dollars using the Machinery and Equipment Index of the Annual

Producer Price index (PPI) to Adjust fen idlation. Arith-

metically, the-Value is calculated by-MAtiplying the original

purchase cost by the ratio of the 1982-Annual PPI for Machinery

and Equipment to the index fier-the 1-ar in which the instrument

system.was originally purchasedt or c%,astrw:ted;

2.4 Survey Response

In a complex, multistage survey such as this, there

are several levels or types of response to consider. The first

level is the institution; participation by the institution makes

possible all ether data collection. The-next level is the depart-

ment, or nendepartriental research facility, with its response to

the Department/Facility Questionnaire addressed to the de2artment

head. The thffd level is the faculty iesearcher asked to com-

plete the 7.nstrument Data Sheet. The final level is the response

to individual items on the questionnaires, i.e. the percentage

of respondents giving usable answers to each item.

7r O'0
,
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2.4.1 Institution Response

The rate of response for institutions was 100 percent.

At each of the 24 sampled medical schools, the deans promptly

agreed to participate and appointed coordinators, who arranged

for the preparation and delivery of preliminary equipment list-

ings for all applicable departments/facilities and subsequently

arranged for the delivery and return of survey materials to and

from these departments /facilities. Similarly, there wts a 100

percent response rate among the 42 sampled graduate schools that

had been sampled in Phase I of the study.

2.4.2 Department/Facility Questionnaires

Completed Department/Facility Questionnaires were

receiwi from 95 percents of the department heads -- 367 of the

317 eligible departments and facilities. Table 2-3 reports

these returns in detail. Three of the depArtmentcategories had

a 100 percent response rate. With the exception of departments

of medicine, 91 percent of the questionnaires were returned.

Departments of medicine had a response; rate'of 83%percent. In a

few departments of medicine, the organizational structure was

such that an overall response for all the clinical subdivisions

in those departments was not feasible. There was essentially

the same response rate for institutions with large R61, expenditures

as for those with small expenditures. Depart ents in private

institutions, however, responded with slightly less frequency

than did those in public institutions (90 percent vs. 97 percent).

2-13
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2.4.3 Instrument Data Sheet

Faculty researchers returned completed Instrument Data

Sheets for 4,397 instruments, constituting 97 percent of the

4,555 instruments in the equipment sample (see Table 2-4). As

would be expected with an overall response rate this high, no

differences worth noting were found by type of department, size

of RSA expenditures, institution L'ontzol, cost of equipment, or

'age of equipment.

In Table 2-5 an analysis of the Instrument Data Sheet

returns is shown by status, or classification as to eligibility

for inclusion in the study. Of the 4,555 instruments for which

Instrument Data Sheets were forwarded, 3,358 were found to be

actively in research use. Another set of 582 instruments were

found to be either inactive or inoperable throughOut the year,

or n&- yet placed into service. These two sets of instruments,

numbering 3,940 or 83.5 percent of the sample, constituted the

national stock that formed the basis for the analysis. An

additional 457 instruments were classified as out of scope for

this study for a variety of reasons. No response was received

for 158,instruments. Refusals accounted for 90 of these nonre-

sponses. For the remaining 68, no knowledgeable person could be

found to answer the detailed questions asked about the instrument,

e.g., the principal investigator was absent from the institution

and no one else was familiar with the instrument.

2.4.4 Questionnaire Item Response

Most questionnaire items had response rates close to

100 percent. Fo; this reas.A., in most of the tables in the body

of this report, it did not seem worthwhile to present a category

labeled "not ascertained." Such a category would usually have

2-15
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Table 2.4. Epticaent survey response rates: Biological and medical ;ciente,

Characteristics
Total

equipaint/items
leaduets school
sc%ipmment/items

Medical school
equipsent/itees

Sample Response 1 Rats Slmpl 1 Response Rate Sample 1 Response Rate

Total, all departaent/fscilities 4555 4397 96.5 1984 1918 96,7 2571 2479 96.4

Departments
4110 3977 96.8 1984 1918 96.7 2126 2059 96.8biological sciences, total

Oiocheaistry 600 571, 95.8 235 219 94.4 315 306 97.1

Microbiology 387 370 95.6 158 158 100.0 229 212 92.6

Molecular/Cellular biology 319 296 92.8 156 140 89.7 163 156 95.7

Physiology /biophysics 419 403 %.2 99 ' 93 93.9 320 310 96.9

Anatomy 253 249 98.4 21 21 100.0 232 228 98.3
Pathology 377 376 99.7 37 37 100.0 340 339 99.7

Pharmacology /Toxicology 341 328 96.2 45 45 100.0 296 283 95.6

Zoology/Entomology 231 225 97.4 193 192 99.5 38 33 86.8

Botany 172 163 94.8 17[ 163 94.8 - - -

Food and Nutrition 196 191 97.4 1P6 191 97.4

Biology, goners' and n.e.c. 815 031 98.3 122 609 97.9 193 192 99.5

Deptrtaent: of medicine 445 420 94.4 . 445 420 94.4

Institution RID Size Chisel

1640 1574 96.0 891 870 97.6 749 704 94.01 (largest)
2 1305 1247 95.6 578 543 93.9 727 704 96.8

1025 1003 97.6 421 4:2 98.1 604 587 97.2

4 (smallest) 585 576 98.5 94 92 97.9 491 484 98.6

Institution Control

Private 1711 1634 95.5 518 495 95.6 1193 1139 95.5
Public 2844 2763 97.2 1466 1423 97.1 1378 1340 97.2

Item Cott Rance

3913 3787 96.8 1781 1734 97.4 2132 2053 96.3$10,030 - $49,999
250.000 - 599,999 452 427 94.5 149 135 90.6 333 292 96.4
2100,000 - $999,999

item 6a

190 183 96.3 54 49 90.7 136 134 98.5

1-5 years (1979-82) 1957 1895 96.8 902 878 97.3 1055 1017 94.4
6-10 years (1574-70 1292 1288 96.9 526 506 96.2 an 782 97.4
11 years or sore
(1973 or before) 1220 1174 96.2 535 515 96.3 685 659 96.2

Not ascertairell 49 40 81.6 21 19 90.5 28 21 75.0

1Grisluate school classification lased on FY 1980 1160 expenditures in all fields encompassed by survey, medical
school class. fication booed on FY 1982 NIH extramural cards. In both coma, ell institutions in the survoy
universe wars ranked from largest o mealiest in RID expendituree/eusrds and are then Oivided into quartiles
based on cusalative RID. Category 1 contains sampled institutions from the top oartile.
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Table 2-5. Status of sampled equipment items: Biological and Medical Sciences

Item response status Total

Graduate
schools

Medic at

school.

Ms. I ?ercent No. I Percent Percent

Total, all sampled items 4555 100.0 1984 100.0 2571 100.0

Instrment/systes in research use 3358 73.7 1516 76.4 1842 71.6

Other items In natiopal stock, total. 582 12.8 237 12.0 345 13.4

Not yet in use 25 0.5 11 0.6 14 0.5
No longer in use: inactive or
inoperable through 1983 557 12.2 226 11.4 331 12.9

Out-of-scope, total 457 10.0 165 8.3 292 11.4

No longer present -- sold, eerie*,
traded-ii, cannibalized, etc. 179 3.9 67 3.4 112 4.4
Not research equipment -- teaching,
office, etc.1 170 3.7 61 3.1 109 4.2
Dedicated accessory of instrument/
system in-research use2 46 1.0 14 0.7 32 1.2
Other, e.g., cost out of range,
duplicate listing 62 1.4 23 1.2 39 1.5

Nonresponse, total 158 3.5 66 3.3 92 3.6

Refusal 90 2.0 43 2.2 47 1.8
etnr) 68 1.5 23 1.2 45 1.8

1To the extent possible, items in this category were edited from institution equipment
listings prior to sampling. Otherwise, the number and percent of such items would
h.:vs -ten larger. .

2Information abouteaccessorieo is contained in the data record for the principal
instrument or component of the system.

'Other nonresponsa was due principally to unavailability of person knowledgeable about
the instrument -- ill, on sabbatical, etc.
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contained less than 2 percent of all responses. Consequently,

however, different ts)..:es dealing with the same basic data (such

as the estimated total number of instrument systems or the

estimated total cost of equipment) oay show slightly different

totals.

2.4.5 Summary Statementon Response

The exceptionally high response rates obtained in this

study suggest that the major topic of the survey -- the adequacy

of academic research equipment in the biological and medical

sciences -- is a matter of widespread interest and concern at

all levels of the academic research community, from central

administration to front-line principal investigators. Response

rates of the same magnitude were also obtained in Phase I of the

study.

2.5 Data Collection For Departments of Medicine

One objective of the study vas to assess this feasibility

of applying the survey methodology to the medical (clinical)

sciences in medical .chools. From Table 2-4, it appears that

instrument data could be obtained from departments of medicine

at about the same level of response as was achieved from depart-

ments in the biological sciences at medical schools.

However, departments of medicine had more difficulty

with the Department/Facility OuestionnOre. Four of the 24

departments of medicine in the medical school sample did not

respond to that questionnaire (Table 2-3). It was learned from

the institution coordinators that the difficulty lay with the

structure of these departments. In at least some medical schools,

2-18
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departments-of medicine are larger and more diverse than most

departments In the biological sciences. The several clinical

divisions or units that constitute departments of medicine in

those instances operate with relative independence. Information

about equipment expenditures, iunding'sources, etc., is often

not Maintained for the department n£ medicine as a whole. Also,

judgments on major departmental needs and priorities become too

difficult when so many diverse interests are involved. While

the response to the Department/Facilities Questionnaire was a

"respectable" 83 percent among departments of medicine, the

problem of one pison responding for a number of diverse clinical

fields suggests that it might be better, when seeking instrumen-

tation information for specific clinical sciences, to ask each

clinical division or unit head directly.

All things considered, however, the conclusion is that

it is feasible to obtain data on the clinical sciences with the

survey methodology used for this study. The data actually

obtained in the current survey,of'departments of medicine, while

not easily interpreted in terms of fields or subfields of science,

were obtained from a nationally representative sample of such

departments. In this report, these sample data have been aggre-

gated to produce national estimates for departments of mediciae

in the same way that all other survey data were treated.

2.6 Treatment of Data

Discussion of the study results is organized around

specific tables, each table being 4aned on an item in one of the

two survey questionnaires. Most of these tables follow the same

format. In general, responses to questions on the survey question-

naires are broken ont_by department type (in the case of data

from the DepaiLaInt/Facilities Questionnaire) or by subfield of
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research (in the case of data from the Instrument Data Sheet).

These breakdowns typically are followed by two sets of summary

groupings: (1)' field and setEing, which separates biological

sciences from the medical schools' departments of medicine, and

also diVides biological sciences into graduate (nonmedical)

schools and mediCal schools; 4 Al (2) institution control, which

separiEes private from public institutions.

it has already been not that the tables in subsequent

chapters report results in the form of national estimates, statis-

tically weighted to represent all departments in the survey

universe. Typicilly, estimates are rounded to a level of pre-

cision judged appropriate for the particular table (e.g.,,percent-

ages in integers, dollars in thousands). Because each estimate

is rounded individually, numLers and percentages may not sum

exactly to the totals shown in 4. given table.

This analysis of the biological and medical sciences

is part of a study of larger scope which includes all fie,ds in

the physical and life sciences, engineeri,:y, and computer sciences.

As a result, it is possible to place the biological sciences in

perspective with the other sciences. A few such comparison tables

are included in Appendix A of this report. Relevant comparisons

are discussed in the body of the report with references made to

the appropriate appendix tables.

2-20

768°4



763

3. NEEDS AND PRIORITIES FOR RESEARCH EQUIPMENT:

ASSESSMENT BY DEPARTMENT HEADS

A stratified probability sample of 367 biological and

medical science department heads provided an overview of the

condition of their research instrumentation for this study. The

selected department heads represented over 1,200 departments and

research facilities at institutions conducting 95 percent of the

nation's academic research in the biological and medical sciences.

The assessments made by these department heads constitute a

significant front-line view of the current stock of instrumenta-

tion, the scope of maintenance and repair activities within

departments, and the nature of the most pressing needs for new

or replacement equipment.

3.1 Adequacy of Current Instrumentation

A set of Iuestions was asked of department/facility

heads relating to adequacy of the instrumentation in place

during 1983. In reply to a question on whether there were

important subject areas in which critical scientific experiments

could not be conducted in 1983 because needed equipment was

lacking, 58 percent of the departments/facilities responded in

Ole affirmative. (See Table 3-1.) The percentages ranged from

only 27 percent in molecular/cellular biology to about 75 percent

for botany and general biology and 87 percent for food/nutrition.

This problem existed 1.. 59 percent of the biological sciences

departments, compared to 41 percent of the departments of medi-

cine. A large difference appears for institution control, with

only 42 percent of departments in private institutions reporting

such a deficiency, compared to 65 percent of those in public

institutions.

3-1
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TAIL! 3-1
DEPAIUMENTS/FACILITIEE REPORTING INFEITANT AREAS IN UNION CRITICAL EXPERIMENTS
CANNOT 81 PERFORMED DUE TO LACK Of NEEDED ESUIPRENT1

NURSER OF
DEPARTMENTS/FACILITIES

BIOLOGICAL AND MEDICAL SCIENCES

PERCENT REFORTINO INABILITY TO
CONDUCT CRITICAL EXPERIMENTS
DUE TO LACK OF NEEDED EIVIPNENT

TOTAL 1210 58

DEPARTMENTS....--....
810CHEXISTRT 144 42

RICROSICLOGT 131 30

ROLECULARICULULAR BIOLOGY 74 27

PHYSIOLOGY /BIOPHYSICS 132 36

ANATCNT 82 60

PATHOLOGY 88 62

PHARMACOLOGY/TOXIC:LOOT 104 60

IDOLOGY/ENTOROLOGT 60 60

BOTANY 33 76

FOOD AND NUTRITION 21

sitax*Y. GENERAL AND N.E.C. 210 73

DEPARTMENTS Of MEDICINE 81 41

FIELD AND SETTING

210LOGICAL SCIENCES, TOTAL 1138 517

GRADUATE SCIODLS 530 60

MEDICAL SVDCr...5 588 ss

DEPARTMENTS CF MEDICINE BI 41 .

INSTITUTION CONTROL
..-.....----......-

PRIVATE 370 42

PUBLIC 840 es
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Relative to other fields of science, departments in

the biological sciences reported less frequently that they we

unable to perform critical experiments. Comparison Table A-1 in

Appendix A reveals that about 90 percent of departments in the

physical sciences and engineering, and 95 percent of those in

the computer sciences, reportedly lacked the equipment needed

for frontier experiments -- in contrast to 59 percent for the

biological-sciences.

When asked to rate the adequacy of available research

instrumentation for tenured and untenured faculty-level researchers

(Table 3-2), department heads described the current stock of

equipment as excellent for tenured faculty in only 16 percent of

the departments, and for untenured faculty in 15 percent. It

?as consideredrUm.ufficient in 27 and 33 percentS of the depart-

ments respectively. Once more, there were large differences by

_department type, with molecular/cellular biology departments

considering themselves better equipped than ary other discipline.

Botany and food/nutrition again had the largest proportion of

departments reporting insufficient instrumentation, particularly

for untenured researchers.

Biological science departments in medical schools were

far less likely to report insufficient equipment (15% to 38% for

tenured faculty than were similar departments in graduate

schools. There we also a large difference in response to this

question in favor of private institutions, with 36 percent of

private school departments considering their equipment excellent.

Only seven percent of the public institutions considered their

equipment excellent.

Comparing the biological sciences with other fields of

science (krpendix Table A-2) again indicates that, for tenured

faculty, biology has a more favorable assessment of existing

3-3
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research equipment than any other field except materials science.

The lower percentage of insufficient Instrumentation for biological

sciences as a whole, however, can be traced tc the particularly

low proportion of mcdical school departments giving this rating.

Biological science departments located in graduate schools show

much closer agreement with departments in the physical sciences,

engineering, and computer science whe,t reporting insufficient

instrumentation.

3.2 Priorities or Increased Federal Support

Department/facility heads were asked to choose how

they would allocate increased Federal funding for research equip-

ment from the viewpoint of investigators in their departments/

facilities. Each head was asked to select one of four options.

Table 3-3 presents their choices. Overall, two-thirds of depart-

ment heads in the biological sciences and departments of medicine

identified instrument systems in the $10,000 to $50,000 cost

range as the top priority need for their departments. Another

20 percent selected systems costing between $50,000 and $1,000,000.

Only 12 percent recommended increased funding for equipment

under $10,000, and not a single department/facility head chose

laige scale facilities costing over $1,000,000. This pattern of

r,:commendations is a strong validation for the decision to confine

the present study to equipment in the cost range of $10,000 to

$1,000,000.

Differences among disciplines are complex. Chair-

persons in departments of microbiology, pathology, and botany,

showed a statistically "normal" distribution of needs ranging

across all three cost categories, while 90 percent of the pharma-

cology departments' priority needs were concentrated in the

middle cost range. Molecular/cellular biology had the largest

3-5
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proportion (31%) needing comparatively expensive ($50,000 to

$1,000,000) systems. Private institutions reported needs for

systems in the.$50,000 to $1,000,000 range more often than did

the rublic institutions (29% to 16%).

Most fields of science indicated a need-for more.expen-

sive equipment than was reported in the biological sciences

(Appendix Table A-3). While 20 percent of departments in the

biological sciences professed a need for systems in the $50,000

to $1,000,000 cost range, 36 percent of those in. the environmental

sciences and 43 percent in_the physical sciences reported needing

equipment in that price range. Conversely, the biological sciences

and agriculture were the only eields with an appreciable number

of departments describing their top priority as laboratory equip-
ment costing leis thah $10,000.

3.3 Types of Ibstrumentation Host Urgently Needed

Department/faCility heads were asked to list up to

three pieces of research equipment costing between $10,000 and

$1 million that were most urgently needed. They were also asked

to indicate the approximate cost of each piece of equipment.

Responses were classified according to a typology developed for

this study by a team of NIH scientists,i0 and they were then

statistically weighted to reflect all biological science and

medicine departmerts represented by responding departments in

the sample. Table 3-4 shows the resulting response frequencies

for each instrument type. It also presents the mean and median

costs for each instrument type. Perhaps the most striking finding

in this table is that the research instruments most urgently

10
W. Sue Badman, Ph.D., Marvin Gassman, Ph.D., and Rachel Levinson
developed the study typology.

3-7

775



?Atte 3..1

NUMBER Of REQUESTS AND AVERAGE COST or RESEARCH imsrltuntArs MOST URGENTLY
NEEDED 1N.ACADEMIC SITTINGS. SY 11TE-GP 1NSTRUMENT) II:CLOG:CAL AND
MEDICAL SCIENCES III

TOTAL. ALL TYPOS

NURSER Of
REIIIESTS

3203

--- ESTIMATED COST
MEAN MEDIAN

1117.300 *40.000

ANSTRURENT TYPE'

PREPARATIVE t.g.. mAtA1111Ge3. 1030 45.100 21.50
SCINTILLATION COUNTERS. INCUBATORS)

DNA ANALYIERS31NTHESIIER5 367 54.100 71.000

ELECTRON nicAntorr 331 110.100 143.000

GENERAL SPECTROSCOPY 213 30.600 23.000

MICHIPRESSURE LISUID 211 31.300 26.500
CHROMATOGRAPHY IHPLC)

colirurin 150 81.500

NUCLEAR MAGNETIC RESONANCE MIR) 111 316.76E

.45.000

230.000

LIGHT MICROSCOPY 120 61.100 21/000

CELL SORTERS 124 151.000 140,000

MASS SPECTROSCOPY IM31 11 1711.300 10,000

IMAGE ANALYZERS 77 77.300 311.000

2-RAY 25 104,000 15,000

CLINICAL DEVICES 123 25 154.000 20.000

MISCELLANEOUS 132 31.000 30,000

113 DATA ARE NATIONAL ESTIMATES EASED ON LISTINGS OF UP TO THREE
TOP - PRIORITY NEEDS. 13 REPORTED SY THE STUDY SAMPLE OF 367 DEPARTNENTS.
TOTAL NUMBER Of REIMBIS 11 127.

123 SAMPLE CONSISTS Of ONLY SEVEN ITEMS. ONE OF WHICH MAD AN WIULALLY NIGH COST.
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needed in the biological sciences and departments of medicine

are, for the most part, comparatively inexpensive. Even though

cost was not a factor as department heads constructed their

"wish lists," the overall median cost of most urgently neede:

instruments was only $40,000. The most frequently cited type of

needed equipment, "preparative instruments," had a median cost

of only $29,500. "Big-ticket" items, those with a median cost

above $100,000, were mentioned comparatively infrequently:

electron microscopes (359 of 3,203 mentions), cell sorters (124

mentions), and NMR spectrometers (111 mentions).

Departments varied considerably in the level of cost

of the equipment on their "wish lists." (See Table 3-5.) For

departments of microbiology, physiology/biophysics, pharmacology/

toxicology, and food/nutrition, 70 percent or more of the top

priority instruments cost less than $60,000. For departments of

anatomy and medicine, on the other hand, about 50 percent cost

more than $60,000.

Table 3-6 shows the types of research instruments

needed most by departments in different fields. For this analysis,

the 14 types of'equipment were consolidated into 7 categories by

combining instrument types with similar functions. The HPLC and

preparatory instrument category, which had the least expensive

and the greatest number of items listed, was especially prevalent

for departments of, microbiology (50 percent of all items identified)

and pharmacology/toxicology (52 percent). Most types of departments

had a peak frequency in this category, but also had secondary

peaks in other categories unique to the discipline represented

by the department. Departments of anatomy were an exception,

with a peak (38 percent of the top priority equipment) in the

relatively costly category of electron microscopy.

3-9
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TAELE

DISTR:BUT:OL OF ESTIMATED COSTS FOR MOST URGENTLY NEEDED RESEARCH INSTRUMENTS. SY DEPARTMENTI
DIOLOGICAL AND MEDICAL SCIENCES III

TOTA.
110.000..

620.000

INSTRUMENT
121.000-
640.000

COST
141.000.. 61.000-
660.000 1100.000

---------
1101.000- 1201.000-
8200.000 AND OVER

TOTAL 3203 510 1065 422 434 362 321
100% 18% 33% 13% 14% 110 10%

DPAITEENIS

BIOCHEMISTRY 366 65 113 44 70 31 34
1000 18% 31% 12% 21% 63 100

MICROBIOLOGY 441 61 183 60 70 36 16
100% 160 41% 150 140 00 4%

noacuLAwicumArc SIOLOGY 167 40 48 8 22 34 13
100% 23% 21% 6% 13% 20% EX

PHYSIOLOGY/BIOPHYSICS 324 38 144 44 23 33 40
1000 12% 44% 14% 72 11% 12%

ANATOMY 223 24 62 24 43 14 33
1000 II% 28% 112 11% 72 23%

PATHOLOGY 230 Lb 82 20 20 49 23
100% 11% 40% I% 10 21% 11%

PHAlACTOLOSMOTICOLOGY 214 52 148 21 34 21 22
100% 18: 50% 11% 7% 7%

ZOOLOOY/ENTOMOLOCV 163 61 20 26 23 15 17
1002 38% 12% 16% 14% 12 10%

DOTANT 100 8 31 26 10 8 14
100% 8% 382 22% 10% 8% 14%

F000 AND NUTRITION 126 36 34 28 20 7 0
too0 21% 27% 232 16% 14 Di

8100.0:1. GENERAL AND N.E.C. 314 142 143 11 42 11 37
1000 24% 24% 150 10% 17% 10%

DEPARTMENTS OF MEDICINE 172 27 42 23 30 13 35
100% 130 242 14% 17% 82 21%

113 DATA ARE NATIONAL ESTIMATES 865ED ON usuros OF VP TO THREE TOP-PRIORITY NEEDS. At REPORTED T
THE STUDY SAMPLE OF 367 DEPARTMENTS. TOTAL NURSER OF REOUESTS IN THE SAMPLE IS 127.

3-10

778



1A/LC

TYPES Of RESEARCH INSTEVNINIS MOST URGENTLY NEEDED. DY OIARTKINTI SIPLOGICAL AND MEDICAL SCIENCII 117

TOTAL

COMPUTERS
AND IMACE
ANALYIERS

III AND

LIGHT
MICROSCOPY

NAR AND MS AND
111.LC AND GENERAL ANALYSERS
PREPARATIVE SPECIROICOY SYNIHISIIERS 140

CLINICAL AND
CELL SORTERS
AND MISC.

TOTAL 3203 227 487 1322 304 445 25 301
1001 70 I3I 412 121 140 I%

DEPARTMENTS

SIOCKEMISTRY 366 13 7 177 34 13 5 14
1001 42 2% 481 I51 262 II 41

RICROilOLOGY 441 44 37 220 33 47 0 35
1001 101 131 501 SX III OX VI

MOLCCVLAR/CILLULAN 8:poor 167 3 24 61 16 46 3 13
1001 $1 141 371 101 281 21 SX

7411110LOGY/6IONISICS 324 35 40 123 IV 12 3 73
1001 121 121 301 VI 41 21 231

ANATOMY 223
1001

41

150
83
380

40
223

IV

VX
13
61

5

2%
13

61
C.0

PATHOLOGY 230 3 75 II 21 20 0 II
100I II 341 351 VX 91 0% SI

PHARMACOLOGY/TOXICOLOGY 206 33 5 134 33 43 0 21
1001 122 30 521 I21 ITT 01 70

ZOOLOGY/ENTOMOLOGY 163 16 43 63 0 11 2 20
100% 102 261 302 61 71 II III

8004,17 100 2 17 47 IS 3 0 11
1001 2% 171 471 1ST 30 0% 113

FOOD AND NUTRITION 126 2 7 50 43 13 0 11
1001 21 61 401 341 10E 0% VI

SIOLOOV. GENERAL AND N.E.C. 304 . IN 104 235 100 II 5 42
1001 3% ISE 401 171 131 It 70

DEPARTMENTS Of MEDICINE 172 II IL 34 13 53 0 25
1001 AI /X 311 II 321 01 131

111 DATA ARE NATIONAL ESTIMATES SAUD ON LISTINGS OP UP TO THREE TOP- PRIORITY MOS, AS REPORTED SY TEE STUDY SANPLE or 367
DEPARTMENTS. TOTAL MUIR Of RESUESTS IN THE SAMPLE IS M.
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3.4 Summary

Department heads in the biological sciences and in

departments of medicine varied by discipline in the degree to

which they considered presently available equipment adequate for

current research needs. Overall, over half reported that critical

experiments in their disciplines could not be performed because

suitable instrumentation was' not available. While about one-

fourth of all departments considered their instrumentation for

tenured faculty researchers to be insufficient, in some disci-

plines the percentage was much higher. A larger proportion of

insufficient instrumentation was reported for nontenured research-

ers. On both of thec.,e adequacy parameters, private institutions

reported more favorable conditions than public institutions, by

wide margins.

There was a marked need in the biological and medical

sciences for upgrading/expansion of equipment in the $10,000 to

$50,000 cost range, with some disciplines also expressing a need

for more expensive items ranging from $50,000 to $1,000,000.

Compared to those in other fields, biological science

departments appeared to judge themselves as leis severely impaired

by lack of equipment needed to perform critical experiments and

by insufficient instrumentation for investigators to conduct

research in their major interests. In the latter instance,

however, only the medical schools had this advantage, for biology

departments in the graduate schools closely resembled departments

in other graduate school fields on the degree of perceived insuf-

ficiency of current instrumentation. Concerning priority needs

for equipment in different cost ranges (when compared to other

fields of science), the biological sciences in both graduate and

medical schools were more likely to need systems in the $10,000

to $50,000 category. They were correspor .ugly less likely to

need instrumentation costing .vore than that.

780

:As
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The types of l'esearch equipment that were most needed,

according to department heads, were predominantly below $75,000

in cost, although there was considerable variation among

departments on cost distribution. The most common need across

departments was for instruments in the preparative or HPLC

category, and these were the least costly of the needed instrument

types. The remainder of their instrument needs were unique to

each department.

3-13
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4. EXPENDITURES FOR RESEARCH EQUIPMENT, FY 1983

Current expenditures for scientific research equipment

are one indicator of the economic well-being of the scientific

enterprise. Analyzing expenditures by appropriate units --

dollars spent per fr_...ulty-level researcher, and per institution --

permits comparisons of relative funding among various groups of

institutions and other areas of interest. When comparable data

are obtained for future years, trends in expenditure rates can

be monitored.

4.1 Department Expenditures for Instrumentation

Table 4-1 presents information on FY 1983 department/

facility instrumentation-related expenditures in three categories:

(1) purchase of research equipment costing $500 or more;

(2) purchase of research-related computer Dervices, where separate

charges are incurred for this purpose; and (3) maintenance and

repair of research equipment. Nearly three-fourths of all

instrumentation-related expenditures are used to purchase equip-

ment, with the rest being almost evenly divided between the cost

of purchased computer services and maintenance and repair expenses.

The greatest variation among departments occurs in the percentage

of total instrumentation expenditures for purchases of computer

services. Several types of departments are much heavier purchasers

of computer services than others. Aside from any computers used

within the departments that do not practice separate billing,

departments of molecular/cellular biology spent 27 percent of

their instrumentation funds for services from institutional or

other computing facilities. A similar proportion was spent by

food/nutrition, and almost as much by pathology. Departments of

anatomy, biochemistry, and microbiology were the least likely to

purchase computer services from outside the departments.

4-1
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Amounting to one-sixth of total instrumentation expendi-

tures in 1983, funds spent for equipment maintenance and repair

were an important component of the total, investment in instru-

mentation. ,These expenditures are well worth tracking over time

to detect trends and,any relationship to equipment performance.

In the field and setting broakout, departments of

medicine spent a much smaller proportion of their instrumentation

funds on computer services and maintenance than did biological

science departments located in either graduate or medical schools.

There were no noteworthy differences between private and public

institutions.

4.2 Equipment Expenditures per Research Investigator and

per Institution

Department/facility heads were also asked how many

faculty-level researchers were employed in their departments

that year. Table 4-2 presents, by department type, survey find-

ings concerning numbers of faculty-level researchers, the dollars

spent on research equipment (previously shown in Table 4-1), and

the unit values -- dollars spent in 1983 per faculty-level

researcher and per institution.

A cautionary note: the only source used for numbers

of faculty and research equipment expenditures in FY 1983 was

information provided by departments. While the department is

usually, the principal base for research in a discipline, many of

the members of a department may be engaged in research in sub-

fields outside that discipline. For example, some members of a

department of microbiology may actually be engaged in research

in the subfields of biochemistry or molecular biology. Therefore,

4-3



779

1416691. 42

RESEARCH EtUIPMENT E/PENDITURES IN FY 1913 PER FACULTY REUARCHER MD INSTITUTION
6ACAVEMIC CEPAITMENT3 AND FACILITIES: BIOLOGICAL AND NEDICACSCIENCES

(DOLLARS IN rmovsmess3

FT 1913
/SNIP:
EIP.

-E/PENDITURES PER PERSON
FACIILTPLEVEL
RESEARCHERS 113
--- - ----- -

EIP. -PER
sunsss PERSON

AND INSTITAITIOIF

INSTITUTION,

MUNIIR
EIP. PER
INST.

TOTAL 81386100 26.633 13.1 241 8633.3

CIPARTNENTS

BIDCP111ETTR7 /96100 2.218' -123

nicsissloticr 10.700 2.187 4.1

MOLECULAR/CELLULAR BIOLOGY 18.400 243 21.8

rsyslmoirislormrslcs 17.800 2o446 7.3

AMIDE: 1.700 1.314 6.4

PATHOLOGY 8.000 2.041 3.1

PHARMACOLOGYPTDIICCLOGY 13.300 1.791 7.4

ZOOLOGYPENTWOLOGY 4,900 /6213 4.0

BOTANY 3.000 732 4.0

FOOD AND NUTRITION 3.800 730 5.2

SIC:LUCY. GEXIRAL AND N.F.C. 23.600 4.303 3.2

DEPARTMENTS OF MEDICINE 23.900 6.386 4.1 .

FIELD AND SET=

310L0GICAL SCIENCES. TOTAL 132.300 20.248 6.3 241 331.3

GRADUATE SCHOOLS 31.800 1.654 3.4 :sr 330.3

MEDICAL 504001.5 80.300 10.394 7.6 92 873.0

scrfp.stilvastf NEDICINt 23.900 6.386 4.1 92 251.3

INSTITUTION CONTROL

PRIVATE 49.200 8.366 8.3 13 744.1

PUILIC 89.000 18.268 4.1 136 370.3

0134VRIER OF FACULTY AND E1U1VALENT NON-FACULTY RESEARCHERS :FULL ..TINE MD
FART -TIRE) ow PARTICIPATE IN 0NC0180 RESEARCH PROJECTS AND WHO ARE scans OF
THE DEPARTMENTS OF THE GRADUATE AND MEDICAL SCHOOLS IN THE SURVEY UNIVERSE. AS
REPORTED BY DEPARTISIXT READS.

.

123 SINCE 5081 KINDS OF DEPARTMENTS EE151 LARGELY EITHER IN MEDICAL SCHOOLS OR
OUTSIDE MEDICAL SCHOOLS. NO SIN= DENOMINATOR COULD SE APPROPRIATE.

4-4
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the numbers given within departments for researchers and equipment

expendituLs db-pot necessarily indicate the, figures applicable

to the variousisubfields.of research.

:With .this reservation,- it is still useful to examine

indicaios,..Ci-reiativefunding for research equipment in different

types of.departMents. alrerall, FY 1983 expenditures were $5,900

per faculty=level researcher. Except lor molecular/cellular

biology, which had an extraordinary level of expenditures of

$21,800 per researcher, the expenditure ratio among departments

ranged fr6M $3,900 for pattiolOgy to $8,600'for biocheMistry.

The larger institution-level groupings in Table 4-2

eliminate the interpretive ambiguities noted for the department-

level statistics, since assuming the expenditures and numbers of

researchers for all departments is equivalent to the summations

for all subfields of research. For FY 1983, the research equip-

ment expenditures per researcher in the biological sciences

exceeded by a large amount those of departments of medicine:

$6,500 to $4,100 per person. It was also observed that the 92

departments of medicine had average of 69.4 faculty-level

researchers per department, larger than the average per depart-

ment of 21.2 for all 1,255 departments represented in the study.

In the clinical fields, physician/researchers must allocate

their time to patient care-and residency teaching as well as

research. This may contribute to a research environment in

departments of medicine that is not comparable to that in the

biological sciences.

Excluding departments of medicine, medical schools had

nearly twice as many researchers per institution as graduate

schools, 115.2 to 61.5, and medical schools outspent graduate

schools by $7,600 to 45,400 on new research equipment in FY 1983

per researcher. Medical schools also had nearly twice as many

4-5
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researchers per institution as graduate schools, 115.2 to 61.5.

Per institution, medical schools spent about two and a half

times as much as graduate schools for research equipment in FY

1983.

Private schools spent nearly twice as much for research

equipment per researcher as public institutions. Expenditures

per institution for private' schools were $744,100, compared to

$570,500 for public institutions.

4.3 Summary

In the biological sciences and in departments of medicine,

instrumentation-related expenditures accounted for about $223

million in FY 1983. Nearly three-fourths went for purchase of

research equipment costing $500 and up, with one-sixth going for

maintenance and repair. Purchase of computer-related services

showed the widest variation among departments.

Expenditures for research equipment in FY 1983 were

analyzed on a per capita and per institution basis. For all

departments, the expenditure rate was $5,900 per faculty-level

researcher. However, for departments of molecular/cellular

biology, expenditures per researcher were $21,800, far greater

than those for other types of departments. Apparently, there

was a large influx of money into this field in FY 1983.

Medical schools in general had higher expenditures for

research equipment than graduate schools within the biological

sciences. Expenditures per researcher were 40 percent higher in

medical schools, and medical schools spent two and a half times

more than graduate schools, per institution, for research equipment

in FY 1983.

4-6
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Private institutions spent nearly *wice as much per

researcher and 30 percent more per institution than did institutions

under public control.

4-7
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5. THE NATIONAL STOCK OF ACADEMIC RESEARCH EQUIPMENT

A major objective of this survey is to provide baseline

estimates for the numbers and costs of instrument systems devoted

to research in the nation's universities and medical schools.

This chapter also provides estimates for the proportions of

instrument systems considered state-of-the-art and obsolete, and

unit costs of existing equipment per researcher, doctoral degree

granted, and institution.

These estimates are important indicators of the current

national stock of academic scientific research equipment.

Furthermore, as a baseline against which future changes can be

measured, they will be the initial points for determining trends

in the status of academic research equipment.

The format of the tables around which discussion will

be organized is that appropriat= to subfields of research. The

data were obtained from the Instrument Data Sheet of the survey,

rather than from the Department/Facility Questionnaire used for

the two preceding chapters. Each instrument was classified

according to the subfield of scientific research in which it was

employed, rather than according to the department that carried

it on inventory.

5.1 Number and Cost of Instrument Systems

Table 5-1 shows the numbers of instrument systems for

graduate schools and medical schools. Between the two settings,

there are over 21,000 systems. However, medical schools have

more than twice as many systems as graduate schools.
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TABLE D-1
AMOUNT 0; ACADEWC RESEARCH EOlIPMENT. BY SETTING
INSTALMENT EVSTE0 IN 1983 NATIONAL STOCKS BIOLOGICAL AND MEDICAL SCIENCEP

ALMSER AND PERCENT OF SYSTEMS
SETTING

GRALUATE MEDICAL
T^TAL SPKOOLS SCHOOLS

TOTAL 21485 7015 1446?
1002 1033 1001

SVBFIELD OF RESEARCH

BIOCHEMISTRY 447? .543 0936
all 22% 202

MICROBIOLOGY 1640 533 1107
81 8% 82

MOLECULAR /CELLULAR 010LOGy 0943 1460 1483
142 211 102

PHYSIOLOGY /BIOPHYSICS 2720 734 1986
131 103 143

ANATOMY 538 79 NS?
31 I% 3%

PATHOLOGY 1014 69 945
5% I% 7%

PHARnACCLOGY/7011COLOGY 2009 186 1903
10% 32 13%

tootomwormocr 501 328 173
2% 5% I%

BOTANY 46? 447 22
2% 4%

FOOD AND NUTRITION 410 393 18
22 6%

BIOLOGY. GENERAL AND N.E.C. 1656 1103 553
0% 161 42

MEDICAL SCIENCES/DEPTS nED 2836 57 2779
13% I% If%

INTERDISCIPLINARY. M.E.C. 191 84 107
IC I% I%

INSTITUTION CONTROL

PRIVATE 7180 2204 49/6
332 311 341

PUBLIC 14305 4812 9493
672 693 661

5-2



785

The number of instrument systems in the various sub-

fields of research ranged widely, with a larger number in bio-

chemistry than in any other subfield -- almost 4,500 (21 percent

of all instrument systems). The subfields of botany, zoology,

and food/nutrition, found almost exclusively in graduate schools,

and anatomy, & medical school subfield, had relatively few sys-

tems. Five of the larger subfields -- biochemistry, micro-

biology, molecular /cellular biology, physiology/biophysics, and

general biology -- had significant representation in both

settings. Instrument systems used in pathology, pharmacology,

and medical sciences were located almost entirely in medical

schools.

Turning to the aggregate purchase costs of equipment

shown in Table 5-2, the original purchase cost for all $10,000+

equipment in the biological sciences and departments of medicine

was about $555 million. The dollar value (aggregate purchase

cost) of existing equipment in the fields surveyed was twice as

great in medical schools as in non-medical schools. Using the

Lachinery and Equipment Index of the annual Producer Price

Index, these costs were converted into constant 1982 dollars.

The total cost was estimated at $863 million. The variation of

aggregate costs among the subfields approximates that found for

numbers of instruments.

Appendix Table A-4 provides the numbers of instrument

systems and their costs for all fields of research. Of all

instruments found in both Phase I and Phase II of the study, the

biological sciences accounted for 38 percent -- more than any

other field. In aggregate costs biology was second by a small

amount to the physical sciences, although the latter possessed

only 25 percent of the instrument systems. The field with the

third largest number-of systems was engineering, with 20 percent;

all other fields had between 2 and 6 percent of the instrument

systems.

5-3

. (.191



786

-2

422R244TE C01:2 OF 424DERIC RESEARCH EQUIPmENT, EY SETTING
lesteurtra symns IN 1023 NATIONAL STOCA: CIOLOGICAL AND REDICAL SCIENCES

(DOLLARS IN RILL:01151

----,----COST Of slimes AND PERCENT OF COST
SETTING

TOTAL GRADUATE SCHOOLS nEDICAL SCHOOLS

COST IN COST IN COST IN
ORIGINAL CONSTANT ORIGINAL CONSTANT ORIGINAL CONSTANT
PURCHASE 1982

COST DOLLARS
PURCHASE 1062

COST DOLLARS
PURCHASE 1052

COST DOLLARS

TOTAL 4233.7 1063.6 1175.3 $272.2 $350.4 $501.4
1002 1002 1900 1000 1002 1002

!WIELD OF RESEARCH

610CmInISTRY 104.3 108.0 36.7 53.0 67.4 102.0
302 ItZ 210 200 38% it%

nICRODIOLOGY 40.0 64.1 12.0 20.7 22.0 43.5
7% 7% 7% 02 7% 72

ROLECULARICELLOLAR t1OLOGY 84.5 :24.0 38.6 58.5 43.9 66.3
ISO 142 222 213 120 112

PmYSIOLOGY/SIOPMICS 73.0 112.0 18.1 28.8 55.7 83.2
132 132 102 112 332 143

ANATOMY 17.4 31.7 2.1 3.7 15.4 27.0
32 40 12 I% 40 22

PATHOLOGY 31.2 53.0 2.1 3.8 29.4 00.2
6% 62 12 12 ex es

emeemmxoextualeoxecy 46.8 60.0 3.5 5.2 43.1 ex.s
to 82 27, 2% 112 III

ZOOLOGY/ENTONOLOGY 13.: 20.6 7.3 11.0 5.0 0.7
2% 2% 42 4% 2% 12

BOTANY 11.4 16.3 10.3 13.2 1.1 1.1
2% 2% 62 62

Foss AND NUTRITION 8.0 13.3 8.5 12.0 .4 .3
2% 22 52 52

BIOLOGY. GENERAL AND N.E.C. 47.3 82.2 31.0 22.4 16.3 21.2
02 102 182 in 40 52

micex SCIENCES/2E11S RED 60.1 107.2 1.0 1.3 68.1 106.0
122 122 12 - 182 ISO

INTERDISCIPLINARY. N.E.C. 6.8 0.3 2.0 3.5 3.9 5.5
12 12 2% 12 12 12

INSTITUTION CONTROL

RIYATE 203.0 290.4 56.7 64.0 140.1 215.4
372 302 332 310 382 362

PULL IC 351.9 564.2 116.6 188.2 235.3 376.0
632 652 670 602 622 640

5-4
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Overall, about three-fourths of existing research

instruments in the survey cost range fell the $10,000 to

$24,999 range, and only, five percent cost $75,000 or more treble

5-3). The cost pattern varied considerably among the subfields,

however. More than 75 percent ofthe instruments in biochemistry,

microbiology, pharmacology, botany, and medical sciences were in

the lowest cost category. The other subfields ranged downward

to a low 6f 55 percent for anatomy. A difference was also found

between the biological sciences (72 percent h. the lowest cost

group) and departments of medicine (78 percent in that group).

The distribution of aggregate purchase costs among the

cost categories (Table 5-4) indicated that the 5 percent of all

instruments costing $75,000 or more actually consumed 24 percent

of all the money spent on major equipment purchases. Private

institutions had 32 percent in the upper cost category, compared

to 20 percent for public institutions.

With the exception of agriculture, all other fields of

science had'a higher proportion of systems costing $75,000 or

more than did biology (see Appendix "'able A -5). Por the physical

sciences, 47 percent wore in this group, and for engineering 40

percent. Computer science had 57 percent, with materials science

and the environmental sciences having almost as much..

5.2 Unit Costs

With varying numbers of instruments and users in the

different institutions and subfields of research, it is useful to

examine aggregate instrumentation costs in terms of units, such

as the number of instrument systems, the number of researchers,

and the number of doctoral degrees awarded within a subfield.

5-5
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22222 I-3
OISTIMV11:2 OF MAIM= 221242231 222172421. 21 VIM CCM 24.222
111111/00311 MUMS IN 1113 142112444 MOW

TOM

11120C124. MO 11221221.

Mt 131K011 Of 87/11110-----
.----0111211121. 7211714032 0111--
012.000- 223.000- $71.000-
Its I Mt 074.172 01.030.000

10124. 21171 134N 4404 1006
1002 731 Ill 31

22271212 or altuacm......--------..
1001214121117 4471, 31173 013 110

1002 722 to it
41112021 .007 IMO 1037 343 32

1002 762 012 41
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Table 5-5 shows mean purchase costs per institution and

per instrument system. Overall, the dollar cost of the current

instrumentation inventory in medical schools is nearly four times

as large per institution as it is in graduate schools. In this

table, medical school totals include the aggregate costs of

instrumentation in departments of medicine, so the aggregate cost

per institution for only the biological sciences in medical

schools would be $3,176,000.-- about three times the mean amount

per graduate school. This difference is about the same as that

noted earlier i- analyses of FY 1983 equipment expenditures (see

Table 4-2).

For most subfields (except those located almost entirely

outside medical schools -- botany, general biology, etc), the

average dollar amount of research equipment per institution was

substantially higher in medical schools than in other academic

institutions. Public institutions, primarily because they were

larger and contained more departments, had slightly larger dollar

amounts of research equipment per institution than private schools.

Turning to mean costs per instrument system, there was

a notable difference between medical and graduate schools, with

medical schools having invested about $1,000 more per instrument

system on the average. The difference appeared consistently

among the subfields as well. In private institutions the average

system cost $29,200, considerably more than the $24,800 cost

found in pUbiic institutions.

The mean cost of instrument systems in the biological

sciences can be compared with mean instrument costs for other

fields of science (see Appendix Table A-4). The mean for bio-

logical sciences ($27,000) was the lowest for any field except

agriculture. ,Computer science had the highest mean cost, $54,000.

Costs for environmental sciences averaged $47,000, and the mean

was $41,000 for the physical sciences.

5-8
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?AS= 0-3
BEAN AGGREGATE ORIGINAL PURCHASE COST OF ACADEMIC RESEARCH ERU1PKENT PER
INSTITUTION AND PER INSTRUMENT SYSTEM. BY SETTING
INSTRUMENT mum IN 1983 NATIDEPL STOCK; BIOLOGICAL AND MEDICAL SCIENCES

[MAN COST DOLLARS IN THOUSANDS]

COST PER
INSTITUTION

----------------------
GRADUATE MEDICAL
SCHOOLS SCHOOLS
---------- ----------

COST PER
INSTRUMENT SYSTEM----

GRADUATE
SCHOOLS

----- -----

----
MEDICAL
SCHOOLS
----------

TOTAL 41416.6 4.:25.0 425.0 26.3

SVBF1ELD OF RESEARCH
--------------------

BIOCHERISTRY 233.2 732.2 23.9 23.0

MICROBIOLOGY 81.7 303.9 24.0 23.1

MOLECULAR/CELLULAR BIOLOGY 245.0 498.9 26.4 31.0

PHYSIOLOGY/BIOPHYSICS 115.4 605.8 24.7 28.0

AMATORY 13.1 166.9 26.6 33.6

PATHOLOGY 13.1 319.1 30.4 31.1

PHARKAGOLOGY/TOX1COLOGY 24.0 468.1 20.4 22.6

2Cr4MY/ENTOROLOGY 46.4 63.4 22.3 33.5

BOTANY 63.7 11.9 23.0

FOOD AND NUTRITION 53.9 4.3 21.6

VIOLMY. GENERAL AND N.E.C. 197.3 177.1 28.1 29.5

MEDICAL SCIENCES/DEPTS MD 6.3 740.6 17.5 24.5

INTERDISCIPLINARY. N.E.C. 18.4 42.2 34.5 36.4

.INSTITUTION CONTROL

PRIVATE 1.107.4 3.628.6 26.6 29.2

PUBLIC 1.121.4 4.524.6 24.2 24.8

NUMBER OF CASES IN THE UNDERLYING SAMPLE HAS INSUFFICIENT FOR A RELIABLE ESTIMATE.

5-9
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Since the amount of research activity in the several

biological science subfields varies considerably, numerical com-

parisons among the subfields are dominated by the relative "size"

of the enterprise. In an attempt to normalize between-subfield

comparisons, instrument numbers and costs were calculated per

researcher and per doctoral student. The resulting ratios are

only indices and do not represent actual one-time costs per

researcher,or per degree awarded.

In Table 5-6, mean aggregate costs of existing instru-

ment systems per researcher and per doctoral degree awarded are

shown by field and setting and by institution control. The

numbers of researchers and doctoral degrees are also shown in

Table 5-6. The overall mean aggregate cost of equipment per

researcher was $21,000. There was a sizable difference in the

biological sciences, however, between medical schools (where the

mean is $27,600 per researcher), and graduate schools (with a

mean of $1G,400 per researcher). For private institutions the

cost per researcher was 525,000, while for public institutions it

was $19,400.

These aggregate equipment costs per researcher may be

compared with the analogous FY 1983 expenditures shown in Table 4-2.

The ratio of aggregate equipment cost per researcher for medical

schools to graduate schools is 1.5; for 1983 equipment expenditures,

the ratio is 1.41. The corresponding ratios for private institutions

to public institations are 1.29 for aggregate equipment costs and

1.69 for 1983'equipment expenditures. Another comparison is the

ratio of the biological sciences in medical schools to departments

of medicine. For aggregate equipment costs that ratio is 1.86;

it is 1.85 for 1983 equipment expenditures.
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TABLE 5-6
MEAN AGGREGATE PURCHASE COST CF ACADEMIC RESEARCH EQUIPMENT PER DOCTORAL
DEGREE AWARDED AND PER FACULTY-LEVEL RESEARCHER
INSTRUMENT SYSTEMS IN 1983 NATIONAL STOCK; BIOLOGICAL AND MEDICAL SCIENCES

[SEAN COST DOLLARS IN THOUSANDS)

DOCTORAL DEGREES III
------- ----------

COST PER
NUMBER DEGREE
------------

FACULTY-LEVEL
RESEARCHERS 521

COST PER
NUMBER RESEARCHER

---------- - - - -

TOTAL 3.275 4172.2 26.635 421.2

FIELD AND SETTING
------

BIOLOGICAL SCIENCES. TOTAL 3.275 143.5 20.248 23.2

GRADUATE SCHOOLS 1.946 91.3 °.C54 18.4

MEDICAL SCHOOLE 1.329 217.7 10.594 27.6

DEPARTMENTS OF MEDICINE - 6.386 14.8

INSTITUTION CONTROL

PRIVATE VI/ 228.0 8.366 25.0

PUBLIC 2.362 150.1 18.268 17.4

417 RESEARCH DOCTORATES AWARDED DURING 17E2 -S3 BY DEPARTMENTS IN THE
GRADUATE AND MEDICAL SCHOOLS OF THE SURVEY UNIVERSE. AS REPORTED BY
DEPARTMENT HEADS.

527 NUMBER Of FACULTY AID EQUIVALENT NON - FACULTY RESEARCHERS IFULL -TINE
AND PART -TIME) latO PARTICIPATE IN ONGOING RESEARCH PROJECTS AND WHO ARE
MENUS OF THE DEPARTMENTS Of THE GRADUATE AND MEDICAL SCHOOLS IN THE
SURVEY UNIVERSE. AS REPORTED BY DEPARTMENT HEADS.
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Of course, the expenditures for 1983 are reflected in

the aggregate equipment costs. The 1983 numbers, however, are

the latest available single year estimates of level of investment

in research instrumentation for the institutions and fields repre-

sented in this survey, while aggregate costs are an accumulation

of more than 15 years of equipment investments. There is a notable

consistency in the patterns these two sets of statistics follow,

suggesting that currant expenditure levels are generally consistent

with long-range historical trends. However, for the comparison

of private and public institutions, the ratios show a wider gap

for 1983 equipment expenditures than for the long term aggregate

costs. While this is an observation for only cne year, this

finding suggests that the long-standing gap in equipment expendi-

tures between private and public institutions may be increasing.

The average dollar amount of instrumentation per doc-

toral degree awarded in the biological sciences was $143,500.

Biological science departments in nedical schools had a far higher

mean per degree than did graduate schools, $219,860 to $91,300.

Since departments of medicine do not award doctoral degrees, this

statistic is not applicable to them. Private institutions' mean

amount 3f equipme t per degree was $228,000, compared to $150,000

for public institutions.

The dollar amount of research equipment per doctoral

degree can be estimated for each subfield, but it is necessary to

consult another source for the denominator data. The National

Research Council conducts an annual survey of doctorate recipi-

ents and reports not only by broad discipline, but also by fine

field within disciplines.11 By grouping the data for the fine

11
Summary Report 1983, Doctorate Recipients from United States
Universities, Office of Scientific and Engineering Personnel,
National Research Council, National Academy Press, 1983, p.47.
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,fields to correspond to the subfield,categories used in this

study, it,,was,possible,..tocompute the mean dollar amount of

research.equipment,per,doctoral,degree, by subfield. To smooth

out the effects of,innual'Aluctuations, especially for subfields

'with sMallnumbers of:deirees, themein annual number of doctorates

awarded, averaged over-the four-Year period, 1980 to 1983, was

uSed,as- the denedinatbi- in the Calculations.

Table 5 -7 shows that the annual number of doctoral

,..degrees,'3,064, is larger than the 3,281. found earlier. from the

data reported by department heads. The difference,results

primarily from the larger base of institutionsfrorp.which the

NatiOnal Research Council (NRC) collected its data. ,,While the

base of institutions, for this.study was the 249 universities and

medical schools that collectiyely spend 95,percent of the nation's

R&D funds, NRC used all doctorate-granting institutions. The

aggregate costs of instrument systems per doctoral degree awarded

for biological sciences as a whole becomes $121,600 by this

measure.

The sibiie14:0'rese4i'phy*ied widely in instrument

costs per degree awarded. The fopr:,stibfields that,are,almost

entirely located in graduate schools -- zoology, botany, food/

nutrition, and general biology -- were far lower in mean dollar

amount of research equipment per degree than the other subfields.

At the upper end was pathology (largely a medical school field)

with a mean.of $310,000 of'equipment per degree. Molecular/

cellular biology, physiology/biophysics, biochemistry, and

pharmacology also had means of over $160,000 in research equip-

ment per degree. The remaining fields had substantially lower

amounts of equipment per degree than those mentioned.

53-277.0-- 86-.26
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TOLE 37
AVERAGE NURSER Of DOCTORATES AVARDED ANNUALLY YROR 1180 TO 1913 AND
=RELATE i03000 E00 COSTS PER DECREE
INSTRUMENT SISTERS IN 1983 NATIONAL 81000 BIOLOGICAL mo REDICAL SCIENCES

810LOCICAL SCIENCES. TOTAL

SINIFIELD Of RESEARCH

tooiims in THOVSANOS)

imms OF fxstRunixt
DOCTORAL COST. PER
DECREES 111 DEGREE121

3.864 1121.6

110007115TRY 653 160.3

nicolmoLoor 483 84.3

-noucvimviilutm SiOl4GY 434 123.4

iiitystoica/iicrnritcs 401 191.2

142 124.6'

-PATNOLOGY 102 309.8

PHARRACOLOCT/TOTICOLOGY 272 176.3

ZOOLOGY/ENTOMOLOGY 436 30.0

* $01410 206 53.3

FOOD AND NUTRITION 210 42.0

SIDLOGY. GENERAL AND N.E.C. 314 23.3

II) SOURCE OF DATAI SMART REPORT 1103. DOCTORATE RECIPIENTS TODD UNITED
STATES UNIVERSITIES. OFFICE OF scluttm as ENGINEERING PERSONNEL.
NATIONAL oftEmcx coust:L. NATIONAL ACADEMY PRESS. 1083. p.47.

Iil'AGCRECATE ORIGINAL fURCHASECOST.

802
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. 5.3 State-of-the-Art and Obsolete Instrument Systems

State-of-the-art instruments constituted 18 percent of

all biological and medical science` instruments in the 1983

national stock of'academiC research equipment (see Table 5-8).

Other instruments in research use in 1983 accounted for an

additional 65 percent of the national stock, so that a total of

83 percent of all instrument systems in the national stock were
in active research use in 1963.

The remainder of the national stock consisted of a

negligible number (less than one percent) of systems waiting to

be put into service and 16 percent that were no longer in use

although they were still physically present at their respective

institutions. The instruments in the latter group were,

presumably, technologically obsolete and/or mechanically

inoperable.

As compared-to public institutions, private institu-

tions have proportionately more state-of-the-art research

equipment (238 of the private school national stock vs. 16% of
the public school national stock). For the most part, however,

there are remarkably few differences between institutions or

subfields in the research status of the current stock of
research equipment.

Table 5-9 reveals that the 18 percent of instruments

classified as state-of-the-art were responsible for 25 percent

of the aggregate cost of all equipment in the national stock;

these instruments had a mean Cost of $36,200 per system. Other

instruments in research use averaged $24,700 per system, and

those no longer in research use averaged $21,100. Means were

calculated by dividing aggregate costs in Table 5-9 by numbers

5-15
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TAILS 3.7
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TOTAL
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-4221LA RESCARCII 1114103-....

egiguato qt- NOT 122 III
rA11.00. 110111831
2011-8NT OTNINI VOL

NO LONC11
II 001SEANCX

ViC
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1002 232 612 12 131
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of systems from Table 5-8. These average costs must be inter-

preted with some caution, however, for state-of-the-art instru-

ments were acquired almost entirely within the last five years,

as will be shown'in the following chapter on Age and Condition

of Equipment. Other instruments still in research use had a

much broader spread of acquisition dates, while the majority of

those no longer in research use were over 10 years old. Infla-

tion was a significant factor over this period of time, and

expenditures for instruments in each of these research status

categories were affected differently by inflation.

Among subfields, there were substantial differences in

mean costs of state-of-the-art systems. General biology's state-

of-the-art instruments cost an average of $49,200, and those for

molecular/cellular biology cost an average of $41,500. Those

with the least expensive state-of-the-art instruments were food/

nutrition ($27,300) and medical sciences ($30,300). The mean

cost of state-of-the-art instruments in biochemistry, the sub-

field with the largest number of items, was $32,100.

Private institutions again showed a bias toward more

expensive equipment, with a state-of-the-art average of $39,800,

as compared to a $33,600 average for public institutions.

5.4 Summary

There were over 21,000 instrument systems, with an esti-

mated aggregate original purchase cost of $555 million, in the

biological sciences and departments of medicine encompassed by

this survey. The cost of these instrument systems in constant

1982 dollars was estimated to be $863 million. The largest single

subfield of the bioltgital sciences, with nearly 4,500 instru-

ments in the $10,000 to $1 million cost range, was biochemistry.
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The biological sciences had more instrument systems th.

any other field of science surveyed, 38 percent. The physical

sciences had 25 percent of all syStems, but their aggregate cost

was slightly greater than that for the biological sciences. The

mean cost per instrument system for biological sciences was

$27,000, the lowest,for any field of science except agriculture.

By comparison, the average cost per instrument for physical

sciences was $41,000.

About five percent of all instruments included in the

study had an original purchase cost between $75,000 and

$1 million: however, these accounted for about one-fourth of the

aggregate cost of all extant research instrument systems costing

over $10,000. Almost three-fourths of the systems cost between

910,000 and $24,999.

Medical schools spent three times as much per institu-
T

tion for instrumentation in biological sciences as graduate

schools. The mean dollar amount of equipment per researcher for

the biological sciences, about $21,000 overall, was about 50

percent higher for medical schools than for graduate schools.

For departments of medicine the cost per researcher was lower,

about $15,000. This, apparently, was reflective of the excep-

tionally large numbers of faculty-level researchers associated

with departments of medicine. Private institutions had higher

instrument investments per researcher than public institutions.

The levels of the differences found for aggregate cost of equip-

ment per researcher and per institution clrxely paralleled those

found in Chapter 4 for FY 1983 equipment expenditures. Appar-

ently, there is a consistency over time in relative expenditures

for these groups.

During 1982=83 the mean dollar amount of research

instrumentation per doctoral degree awarded in the biological

5-19
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sciences was $143,500. Howevei, for medical schools the mean was

$220,000, compared to $91,000 for graduate schools. Private

institutions also had somewhat higher costs per doctoral degree

awarded than public institutions.

State-of-the-art instruments constituted 18 percent of

the national stock, while instruments that were not state-of-the-

art but were in active research use accounted for another 65

percent of the national stock. Another 16 percent were no longer

in active use, apparently because of technological obsolescence

or mechanical disrepair.

Stet4-of-the-art instruments cost, on the average, over

$36,000 per. instrument, but other instruments that were in active

use (and were usually purchased earlier) cost a little less than

$25,000 per instrument. There was also a difference in mean cost

for state-of-the-art instruments in favor of private institutions

over public institutions, about $40,000 to about $34,000.
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6. AGE AND CONOTTION OF RESEARCH EQUIPMENT.,
.",

0 .

The age and operating conditionof research instrumen-

tation available:tothe:,i'lationi's academic researchers has beet- - .

the sul-jectof many; anecdotal replrts, and it has been a major

subject of inquiry in' he present survey.

It was disclosed in the preceding chapter (table 5-8)

that, for the biological sciences, and, departments of medicine as

a whole, 16.perceni of the 1983 national stock of academic

research instrumentation was not used at all during the year,

apparently because of mechanical of technological obsolescence.

A few new 'instruments were still being prepared for.use in the:
laboratory. .,The remainder,zwere actively used for research in

1983. In this chapter, statistics will first be presented on the

age of all equipment in the national stock. Then, the emphasis

will shift to instrument systems in active research use in 1983,

the 83 percent of the national stock still in use.

6.1 Age of Research Equipment

For the biological sciences and departments of medicine

as a whole, 44 percent of the systems in the 1983 national stock

were 5 years old or less, and 29 percent were between 6 and 10

years old. The remaining 27 percent were over 10 years old

(Table 6-1). There was variation among subfields of research:

three of the subfields that are predominately in graduate schools

(zoology, botany, and food/nutrition) had more than half of their

instrument systems 'in the.one-to-five yeai age range. At the

other extreme, anatomy and general biology had the highest

proportions of systems over 10 years old, with 41 percent. for

anatomy and 37 percent for general biology.

6-1
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Private institutions had 6 percent.more instruments

that were 1 to.5 yeariold th4ndid public institutions, with 6

percent fewer in the over-10-year category.

The biological Sciences had somewhat older instrument

systems.than did. most other fields of science (Appendix Table A-7).

Several fields -- agricultural sciences, environmental sciences,

engineering, and particularly computer science -- had larger

proportions of instruments that were from 1 to 5 years old than

did the biological sciences.

State-Of-the-art systems constituted 18 percent of all

biological and medical science instruments in the national stock

(Table 6-2). The. percentages of systems acquired each year that

were still considered to be state-of-the-art in 1983 are charted

in Figure 6-1. For example, 50 percent of the systems acquired

in 1983 were state-of-the-art, while 41 percent of those pur-

chased the year before were still state-of-the-art. This

diminished to 37 percent of those purchased in 1981; it was down

to 8 percent of those acquired during 1974 to 1978 and was

practically zero for the earlier years. One conclusion is that

five years is essentiaAy the outer limit for equipment to remain

state -of -the -art, with the falling off starting after the first

year.

At private institutions, 23 percent of the instruments

were classified as state-of-the-art, while 16 percent of those in

public institutions were so classified. The decline with instru-

ment age is roughly parallel for the two groups of institutions.

The remaining tables in this chapter describe systems

in active research use in 1983, a subset of all instruments in

the national stock. Table 6-3 shows the age distribution of

actively used equipment. Fifty percent were five years old or

6-3
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?Asti 4-2
PERCENT OF ACADEMIC RIES/ARCH 221,11PHENT THAT IS STATE-OFTHEART ST TIAN OF PURCHASE
INSTRURINT SYSTEM IN 1921 NATIONAL STOCK t BIOLOGICAL 2101701DICAL SCIIATIS

..-PtICUT OF STSTEMS"CLASSIFIEB AS STATE -OF -THE-ART-
OF PURCHASE

I174 SI!
TOTAL 1933 1122 19111 1920 1171 1972 1974

TOTAL ten 505 412 37i 234 222 SI 25

FULD AND SITT1112

S1OLOGICAL SCIENCES. TOTAL IBI 494 41i 322 252 IV% V% ZI

GRADUATE SCHOOLS ITI 335 444 322 265 165 12% I%

RIDICAL SCHOOLS III 412 324 445 24i 225 75 35

OCPANTNENTS 07 11EDICI2E 165 545 405 323 IS% 325 45

1NST1TUT10N CONTROL

fRIVATI 232 531 422 442 M 30i 104 25

PUSLIC 162 435 405 334 224 It% 6i 25
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Figure 6-1. Percent of Equipment in the National Stock
That is State-of-the-Art in-I983,
by Year of Purchase.
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less, 29 percent were from 6,to 10 years old, and 22 percent were

over 10 'years old. The major differencehefWeen these and the

national stock statistics shown in Table 6-1 was in the number of

instrument systems that were over 10 years old. This difference

of 1,863 systems_in the over-10-years old category was 54 percent

of the total number of systems that were no longer in research

use (Table 5-8). Thus, as would be expected, obsolete and inop-

erable equipment tended to be older.

All the subfields had substantial numbers of instru-

ments removed from the over-10-years old category in the change

from national stock to instruments actively in research use. The

subfields with the largest proportions of instruments removed

were general biology and-medical sciences. Even after removal of

instruments not in use, 35 percent of the in-use instruments in

anatomy were over 10 years old, more than.any other subfield.

Apparently, older instruments are-more useful in research for

this discipline than for the other subfields.

Departments of medicine displayed a different pattern

than the biological sciences in age of instruments in research

use. They hid 56 percent of theirinstrUments in*the 1-to-5 year

range, compared to 49 percent for the biological sciences, and

they had 16 percent over 10 years old, whereas the biological

sciences had 23 percent in this category.

The2cofitrast between departments of medicine and the

biologicil sciences extends to their difference in prevalence of

instruments no longer in research use. Departments of medicine

contained twice-the proportion of such instruments as biological

sciences in the national stook (:"able 5-8). When these were

removed from the count to determine the proportions of instru-

ments actually in research use, it was discovered that only 44

percent of the instruments that were no longer in use in
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departments of medicine.in 1983 were over 11 years old, whereas

for the biological sciences 60 percent of those no longer in use

were over 10 years old. This difference indicates a tendency to

discard instruments at an earlier age in departments of medicine

than in the biological sciences. It also suggests that fields,

institutions, or departments that have large amounts of unused,

retired instrumentation lying about are not necessarily ill-

equipped. in some circumstances, this may actually indicate a

comparatively well-funded instrumentation situation.

There was a difference between private and public

institutions in age distribution. For private institutions, 54

percent of in-use systems were from 1 to 5 years old, and 17

percent were over 10 years old. For public institutions the

comparable figures were 48 percent for instruments 1 to 5 years

old and 24 perCent for those over 10 years old.

Compared with other fields of science (Appendix Table

A-8), the, tendency of the biological sciences to have older

instrument sYetems'*omes even more pronounced when only those

systems still in active uie are examined. In the instrument age

range of .1 to 5 years, the differences between biology and the

other fields were somewhat larger for instruments in active use

than they waif: for the full national stock.

State-of-the-art systems constituted 22 percent of all

.those that were in use during 1983. This percentage was calcu-

lated fzom the data in Table 5-8, after eliminating the inactive

equipment. The age distribution of staterof-the-art instruments

in active use is shown in Table 6-4. For all subfields combined,

85 percent were between 1 and 5 years old. Anatomy and general

biology, however, had only about 65 percent of their state-of-

the-art instruments in the 1 to 5 year group. For departments of

medicine, 91 percent of the state-of-the-art instruments were

6-8
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five years old or less, compared with 83 percent for the biological

sciences. Overall, only 3 percent of state:Of-the-art instruments

were ten or more years old.

The remaining instrument systems in research use were

not state-of-the-art. This group had a very different age pattern

than that for the state-of-the-art systems. Figure 6-2 illus-

trates the contrast. Whereas 85 percent of the state-of-the-art

systems were from 1 to 5 years old, the others were more widely

distributed. over tne age categories: 40 percent were from 1 to 5

years old, 33 percent between 6 and 10 years old, 19 percent from

11 to 15 years old, and 8 percent over 15 years.

6.2 Condition of Research Equipment

Aside from the age of the equipment, an important issue

addressed by this study is how well academic research equipment

is actually performing. The next two tables provide some insight

into this question. Table 6-5 details how many of the instruments

in active research use were in excellent working condition, and

Table 6-6 reveals what function they served in the laboratory.

About half of all instrument systems in the study were

considered by the responsible.research investigator to be in

excellent working condition (Table 6-5). Since a relationship

has already been found between the age of instruments and their

removal from active research use (Table 6-3 and ensuing dis-

cussion), it can reasonably be assumed that there is a relation-

:hip between the working condition of instruments and their age.

This relationship is shown in Figure 6-3, which gives the per-

centage of ii-...truments in excellent : cndition by ye.x -f purchase,

grouped into three-year periods. For instrument:: purchased

between 1991 a,d 1983, 76 percent were in excellent condition.

6-10
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Figure 6-2. Age Distribution of Academic Research
Equipment in Active Research Use:

.81ological and Medical Sciences.
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TABLE 6.0
PERCENT Of ACADEMIC RESEARCH EDUIPHENT.IN EXCELLENT MORNING CONDITION.
BY RESEARCH STATOR --
INSTRUMENT SYSTEM IN RESEARCH VSE IN I/131 BIOLOGICAL AND MEDICAL SCIENCES

PERCENT OF SYSTEMS IN EXCELLENT WORKING CONDITION

TO/AL

-----

----ITC RESEARCH STATUS - - - -
STATE-Of -THE - OTHER IN-USE
ART SYSTENS SYSTEMS

--"- -------- -----

TOTAL 332 832 44%

SVSFIELD OF RESEARCH

BIOCHEMISTRY 471 772 402

MICROBIOLOGY 471 SIX 4E2

NOLECULAR/CELLULAR BIOLOGY 3T2 VOX 462

PHTSIOLOGY/BIOPHYSICS 603 8T2 Sot

ANATOMY DOE 812 402

PATHOLOGY SO% 881 3II

'PMARMACW.OGY/TOZICOLOGY 462 012 402

XDOLOGT/ENTOmOLOGY 64% 742 SIX

BOTANY 332 702 DO%

FOOD AND NUTRITION 602 861 31%

810A0GT. GENERAL AND N.E.C. 3T2 1102 SO%

ntoma sabictsiotrls NED 4/2 Olt 41%

INTERDISCIPLINARY. N.E.C. 331 732 41%

YIELD AND SETTING
..-...--....-......

BIOLOGICAL SCIENCES.' TOTAL 331 832 44%

GRADUATE SCHOOLS 34% 882 44%

MEDICAL SCHOOLS 32% eit 432

DEPARTMENTS OF MEDICINE 33% 831 472

INSTITUTION CONTROL

PRIVATE 362 87% 44%

PUBLIC 323 83% 442

6-12
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40%
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Figure 6-3. Percent of Academic Research Equipment That Is in
Excellent Working Condition, by Year of Purchase
Biological and Medical Sciences:-

. :

1981.1983 1975-1900 1975-1977 1972-1974

YEAR Or PURCHASE
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The-Percentage drapsIer successive three=year periods to 21

percent for-those purchased-from 1969 te'1971:

rise icesitrpercent occurs for instruments 14

years and-older. This small rise -*ay be explained by another

,factorinderlying the age- condition relationship. As shown in

Yi*ire672', the proportion Of instruments in active use decreases

witivage: Instruments that are In poor.conditiOn are routinely

removed frem-useand'dispbsee-of, so' that an ever- decreasing

,number oi'older instruments- are retained in thwiaboritorieS.

Thus, only 6'percent,of.4li instruments in useare more-than

fifteen:year4old. Undoubtedly, these are the instruments that

have hemnliintainedSUffiCiently well to leave-them in at least

iverage,workingcondition. Technological obsolescence is

Probably not a consideration for the functions that these instru-

ments perform.

State-of-the-art systems, ,recently acquired for the

most part,,had 85 percent in excellent working condition. By

contrast, only 44 percent of the non-state-of-the-art systems

were rated as-being in excellent condition. 'these other in-use

systems constitute nearly 80 percent of the .systems in active

use.

By itself, the existence of a subStantial amount of

non-state-of-the-art research equipment isnot a problem. Sven

the-best=equipped research. facilities would be expecied to have

such equipthent 7= for use in routine analyses, as backups for

more advanced'inStruments, etc. Non-state-of-the-art equipment

is a problem,bnly in situations where' itd-users do not have

access to more-advanced equipment when needed. Table 6-6 shows

that this-probleri situation is not uncommoP: nearly half (41%)

of all non-state-of-the-art Instrument systems in research use

6-15
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in the fields gliryeyedere,themostadyancedtnstruments of their

'kind' to whiCh-tiieir ieSearckusers:have access.,

AMong,.subfieldv, there is relatively little variation

in the percent of inatrumeats,in.excellent,,working condition.

However, there is-considerabIevariaiion,in the percent of non-

siSte-oftheart ;instruments,forwhich-moreadvanced instruments

Ahe.Subfieldsthat had,thelargest,.proporti?ns.of

more advanc:44nStruments.aVailabie (over Wpercent) were
medical sciences,. and molecular/.cellular,.biology.,

The subfields.th4i.had.to rely-more.theS half .the time. on non-

state-of- the -art egnipmentAs the mostadvanCed available were

anatomyozoOlOgy,ankfood/nutrition. pepartments,of medicine

had advanced instruments availabler.whes needed,more frequently.

than.did-the,biological,sciencest,

. .

Other fields of science reported approximately the same

proportions of instruments in excellent,, working condition as the

biological sciences-(Appendix Table.A79). However, biology-.had

somewhathigher proportions of instruments that were nottate-

oi-the-art, for ,which.more,adyanced equipment was available-,when,

needed, than did most other fields.(Appendix4able.A-10)..c,

The adequacy of research instruments in the biological

sciencesjaust be questioned when half,of,the equipment is in some

degree of disrepair (i.e., is in-less than excellent, orking

condition and when early half of instruments that arenot,state-

of-the-art are the most advanced to which investigators -have

access -- especially when. these. other instrumentsconstitute
.

nearly 80 percent of all equipment in use. Is the research-com-,

munity well served, by so widespread a.lackln capabilities for

front -line research? Granted that not every.procedure,:n

logical research requires.the most advanced. instrumentation, a

number of disciplines appear to have too little advanc 1 equipment

compared to the subfields that are best endowed.

4

6-16
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6.3 Summary

For the subUelds of research included in this study,

44 percent of the instrument systems in the 1983 national stock

were 'from oneto five years old, while 27 percent were over 10

years old.. llowevere for the subset of systems actively used for

research in 1983, the proportion of systems in the age range 1-5

years was a much lerger 50 percent, and those over 10 years old

constituted only-22 perdent. Department's of medicine had a

higher prolioitiOn of the newer instruments than the biological

sciences. They also replaced instruments more quickly.

Private institutions had proportionately more of the

newer instruments than public institutions and fewer of the older

ones. Compared with other fields of-science in the survey,

instrumenti'in the biological sciences tended to be somewhat

older.

The percentage of systems acquired in years prior to

1983 that were still considered state-of-the-art in 1983 fell off

sharply with increasing age-of the instrument. Of those purchased

in 1983; 50 percent were considered state-of-the-art. However,

Only 37 percent of those OUrchaied two years earlier, in 1981,

were still considered state-Of-the-art. Six-yearzold 'instruments

were.claisified as state-of-the-art only 13 percent of the time.

Evidently, the life span for classification as state-of-the-art

is very short.

The age distribution of state-of-the-art instruments

dropped off very sharply; however, for their instruments in

active research use that were not classed as state-of-the-art

there was a more moderate decline in age distribution, from 40

percent of those from 1 to 5 years old to 27 percent for those

over 10 years old.

6-1.7
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An important issue is how well research equipment is

actually pertorming.':About half of the instrument systems were

considered-to be in excellent working condition -- 85 percent for

state -of- the -.art instrument: but only 41.percent for other in-use

instruments. As would-be expected, there was a strong relation-

ship-between .!!ste,of instruments and their working condition, with

78 percent. of. those from 1 to 3 years old in excellent condition_

bit only 21percent,of those between 11 and 13 years old. A

small number. of instruments even older than that were still

performing. adequately. -their-presumably routine functions.

Systems that were not state-of-the-art acccunted for

nearly 80 percent ofall.instruments in,actual research-use. Such

instruments play an important role in research laboratories when

state-of-the-art equipment is not required, However, when

research investigators do-not have access to more advanced

equipment, thus having to 'make do" with older, less capable

instruments, they face an obstacle in their attempt to engage in

more sophisticated research. This is apparently the situation

generally ineome.subfields.cof research, and in other subfields

In at=least ajargeproportion.of laboratories. Overall, nearly

half ofthe,non-staterof-the-art instruments in the biological

scienceswerethe most advanced to,which investigators had

access. For departments of medicine, that percentage was closer

to Jne-third. To the extent that these obstacles to instrument

performance and capability appear, the entire research effort in

the biological sciencca is hampered.
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7. FUNDING OF EQUIPMENT IN ACTIVE

RESEARCH USE

Two questions of interest concerning the funding of

research equipment are: (1) where do the funds come from to

purchase equipment in the biological and medical sciences; and

(2) aside from purchasing equipment, what other means are

commonly employed to-acquire equipment. It is not possible to

determine from this study if any changes over time have occurred.

However, the data do provide a baseline against which to measure

future changes.

7.1 Means of Acquiring Research Equipment

Both the numbers of instrument systems and the costs

of these systems (Tables 7-1 and 7-2)Jndicate that the only

significant method of procurement was purchasing new equipment.

Ninety-four percent of the systems, witha total cost of 95

percent of all-funds spent, were obtained this way. Locally

built systems scarcely appeared as a factor in the biological

and medical sciences. There was practically no donated equip-

ment, and the purchase of used items was negligible.

7.2 Funding Sources for Research Equipment

Federal agencies and non-Federal sources each provided

one-half of the money for research equipment. Figure 7-1 illus-

trates the amounts contributed by the several sources. More

details are provided in Table 7-3, which also reveals that the

departments of medicine did not follow the funding pattern of

the biological sciences: departments of medicine obtained their

funds in nearly a two-to-one ratio from non-Federal sources.

7-1
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Figure 7-1. Sources of Furls for Academic Research
Equipment in Active Research Use:
piological and Medical Sciences.
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',MC 7-3= Jt,
SOURCES OF,FONDS FOR ACADEMIC RESEARCH autrnixr.str FIELD AND SETTING,
INSTRUMENT SYSTEMS INIMISZARCg:USE IN 17131 410LOCICAL AND MEDICAL scamus

iDOLLARS IN MILL1.0143

.TOTAL

contiteurtrAmirmeni or'hmos
AND SETTING,

SCIENCES-!--
MORAL
SCHOOLS

--..-110LOCICAU
CIADUATE ,

SCHOOLS
DEPARTMENTS
'OF MEDICINE

TOT". ALL SOURCES $446.0 11148.3 $232.0 $66.6
100% 1001 1001 100%

ITDVM41. 3111(0t1t TOTAL Uti4 73.f 120.0 21.3
50% 51% 52% 381 '

NV 33.6 t2.3 10.1 .4'

IT 151 1%

SIN, 171.5 46.4 102.6 22.6
321 31% 44% 34%

$OO 4.0 1.0 1.2 1.1
1% I% I% 3%

OTHER renixa SOUR= 12.3 6.1 5.3 .1
3% 4% 1%

pox-norimisancti. TOTAL 225.4 72.4 112.0 41.0
503 413 482 62%

tmstirmom OR DEPARTMENT F:NDS 165.6 47.2 86.1 31.5'
371 32% 371 471

STATE GRANVAPPROPRIATTOM 11.4 11.4 6.0 1.0
4% Si 3% 1%

?MATS mom? FOUNDATION 27.0 7.3 14.0 57
60 5% 6% 10

SUEliESS CR Imimar 7.7 4.5 2.4 .7
2% 33 1% I%

OVER wei-rtoent. 3004001 6.6 1.1 2.6 2.1
I% It I% 30

7-5
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Nip was the principal source of Federal funds for

lequipMent. Grndua'peXChonls C4446ed 31. percent. of their

while.rthe biological sciences in the

mpiliCal_schs4i,secutedAt,percent.. For departments of medicine,

ilig:ilas-theliillyX01404pt:tederal source. NSF contributed 15

pei:CenOWthe-iriduate'sChCOls' equipment funds, but only 5

pei4rit Of the dlchcó1s'.
. . .

Institutional funds were reported to be the principal

p4466 for na,-Federai moneys, with 32 percent of the graduate

,ighOOISs equipment funds, 37 percent of the medical schools',

and nearly tralf of all funds for of medicine. The

meipirig of institutional funds filhis context is not entirely

clear. Thesesearch investigators who supplied information on

the'funding'Sources for the insirdments for which they were

responsible could not be expected'to know the sources of money

supplied by the institution unless it had been earmarked by a

specific donor. It is possible.that some of the institution'3

lunds originated with the Federal.governmentthrough programs

041 as the Biomedical Research Support Grants, which are dis-

bursed through a formula based on an inst'tution's total research

'funding and Intended to provide unrestricted support to biomedical

research. Another possible source is the indirect cost portion

of_research grants, which may be redirected by the institution

into equipment funding or, in the case of some States that

receive the indirect costs for state-supported institutions,

routed back to the institution for the same purpose. Technically,

these can be considered to be institutional funds, although they

do not originate from within the institution's own resources.

To what extent the total that was designated institutional fund-

ing contained this re-routed Federal funding -- or similar non-

Federal unrestricted grants -- cannnot be determined from these

data.

832
t. 04 I
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Another-source that may be included in the institu-

tional fund category 'for medical schools, and which may also

account for some of the differential in equipment funding between

graduate and medical schools, is the revenue generated from

clinical activities of the faculty. No estimate can be given

for that element from the data in this survey.

Besides the institutional funds, no matter what their

origins may have been, other non-Federal sources played minor

roles in equipment. funding. State funds constituted 3 percent

of equipment money for medical schools, but 8 percent for

graduate schools (which had a considerably higher proportion of

public institutions). Private nonprofit foundations contributed

about 5 percent of equipment spending for the biological sciences

and 9 percent for departmentS of medicine. Business and industry,

a source that might relieve the Federal government of some of

the burden for research support, contributed only 2 percent of

all equipment funds in the biological and medical sciences.

Private institutions fared a little better proportion-

ately from the Federal government than did public institutions.

They received 53 percent of their equipment funds from Federal

agencies compared with the 47 percent received by public insti-

tutions (Table 7-4). The average Federal contribution for

research equipment to 93 private institutions was $992,000 per

institution, whereas the 156 public institutions averaged

$828,000. Institutional funds, however, were about the same for

private and public universities and medical schools, both in

terms of percentage of funds and in average dollars per institution.

The only cther significant difference in funding sources was the

7 percent of the total contn.outed by state governments to public

institutions compared to practically no State government contri-

butions to private institutions.

7-7
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TAIL! 0-,
SOURC20 CF 01201 FOR AcAmnic NISEARCN ESUIPATAT. IT INSTITUIWAL CONTROL
INITWRINY 0721C1111 1/1 0111+101 VII IN 11011 01010010AL-AND MDICAL scums

LOOLLARS IN NIL-1003;

-mos CONTRINTED I1X0 URCINT OF FUNDS -
-CONTROL OF INSIIIVIICI--
rxivAse 0011.11

TOTAL INSTITUTIONS INSTITUTIONS
--------. -----------

TOTAL. ALL SOUNCtS $646.0 6172.7 $074.1
1002 1002 1002

FEDERAL SOUR421. TOTAL 221. 12.3 121.1
30% 332 47%

NEI 33.6 11.0 21.1
22 72 0%

020 171.5 71.7 ff..
3R% 488 382

4.0 3.1 .0
12 28

011KR FC211161. ISAMU iza 3.7 .6
38 22

1c00-101121RAL 03URCES. TOTAL 223.4 00.4 143.0
SOS 172

11131ITUTION CA OVARTNENT FUND% 163.6 61.7 1034
372 36%

01112 CRANT/APPROPNIATION 10. .6 17.0
4% 7i

PRIVATE yontorir toinuatex 17.0 10.3 14.3
62 72 32

11111211 OR INDUSTRY 7.7 4.0 3.7
28 18

OTHER NON -FICCIAL SOURCES 6. 1.7 4.11
12 1R 2%
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The,fundingsources for biological sciences are com-

pared with those for dther fields in Appendif'Tables A-11 and

A-12. InA-11, the proportions of funds each field received

from the various sources are summarized, and in A-12,the distri-

bution of.each source's funds by fieldis shown. Table A-11

shows,that the biological.sciences received a larger portion of

their equipment.funds-from Federalnources than any other surveyed

field except the physical and mater4als,sciences. By far the

largest part of the Federal funds for the biological sciences

came from NIH. Each of the other fields had its own pattern of

funding sources, none of which resembled that for the biological

sciences. For example, about half of the funds for agricultural

sciences came from the institutions themselves, whereas all

other fields had much lower proportions of funding from the

institutions. Business and industry were not much of a factor

except for computer science and, perhaps, environmental sciences.

Appendix Table A-12 indicates the principal interest

of each Federal agency for the surveyed fields of science, as

well as the distribution of funds from all of the other sources.

NIH, for example, distributed almost all of its equipment funds

to the biological sciences, with nearly all of the remainder to

the physical sciences. NSF, on the other hand, granted about

half of its funds to the physical sciences and about a sixth

each to engineering and the biological sciences. Department of

Agriculture funds went mostly to agricultural_sciences. The

next highest level of Department of Agriculture funding went to

the biological sciences in graduate schools. While more of tie

university funds went to the biological sciences than to any

other field, equipment funds from that source are broadly dis-

tributed among all fields, roughly in proportion to their total

funding.

7-9
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Another perspective concerning funding is shotna in

Table 7-5, which illdstrates the pattern of funding from various

sources by system cost cateiaas. The Federal sources accounted

fOr 50 percent of all equipment funding, as did the non-Federal

sources. However, 55 percent of funding for equipment costing

less than $25,000 came from Federal sources, with the remaining

45 percent coming fvom non-Federal sources. Conversely, 46

percent of the funding for instruments costing $75,000 or more

was purchased with-Federal money, compared to 54 percent from

non-Federal money.

HIH,which contributed 38 percent of all equipment'

funding, provided 47 percent of the funds for instruments costing

under $25,000 and 28 percent for those costing $75,000 or more.

NSF showed the reverse pattern, providing 8 percent of all equip-

ment funding but 5 percent of the funds for instruments costing

less than $25,000 and 12 percent for those costing $75,000 or

mere. Institutional funds were also skewed toward the more

expensive items, with 31 percent for all instruments under $25,000

and 41 percent for those costing $75,000 or bore.

Federal involvement as a source of funding is examined

in Table 7-6. For example, 42 percent of the equipment items

ware funded without any Federal money, while 48 percent were

funded exclusiVely with Federal funds. "Aide variations among the

subfields occurred, ranging from 59 percent of the biochemistry

items receiving full Federal funding to 36 percent of microbiology

instruments to 13 percent for foodinutritiol. Hon- Federal fund-

ing was the dominant source for medical sciences and food/nutrition,

along with pathology and microbif .,gy. Shared funding was used

to purchase only 10 percent of all instrument systems. The

percentage of shared costs was at a low level for all subfields,

with medical sciences the lowest of all at 4 percent.

7-10



831

TABLE 7 -5
SOURCES or FUNDS rut ACADEMIC RESEARCH FillIPHENT. BY,SYSTEM COST RANGE
INSTRUMENT SYSTEMS IN RESEARCH USE IN 17031 IIIDLOG/CA1 AND MEDICAL SCIENCES

TOTAL. ALL SOURCES

[DOLLARS IN MILLIONS,

- - -- -FUNDS CONTRIBUTED AND PERCENT CF FUNDS
-- - - -- SYSTEM ACQUISITION

UNDER
TOTAL $25,000

1446.8 1184.7
100% 100%

FEDERAL SOURCES. TOTAL 221.4 102.3
50% 552

OTHER FEDERAL SOURCES

NON-FEDERAL SOURCES. TOTAL

33.6 10.0
8% 5%

171.5 86.6
38% 47%

4.0 1.7
I% I%

12.3 4.2
32 2%

225.4 82.2
50% 452

INSTITUTION OR DEPARTMENT FUNDS 165.6 57.8
37Z 31%

STATE GRANT/APPROPRIATION 18.4 8.4
4% . 5%

PRIVATE NONPROFIT FOUNDATION 27.0 11.1
6% 6%

BOMBS DR INDUSTRY 7.7 2.3
2% I%

OTHER NOS - FEDERAL SOURCES 6.6 2.6
12 12

7-11

$25.000-
874.988

875.000
OR MORE

8143.0 $119.1

100% 100%

64.6 54.3
45% 46%

8.7 14.8
6% 12%

51.7 33.2
36% 28%

1.2 1.1

I% I%

2.7 5.2

2% 4%

78.4 64.8

55% 545

59.5 48.3
42% 41%

6.6 3.4

5% 3%

7.7 8.1

5% 7%

3.2 2.3

23 2%

1.3 2.7

I% 2%
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The summary totals in=Table 7-6 reveal a considerable

difference between the extent of non-Federal-funding for the

biological sciences and departments of medicine. For the latter

52 percent of .their instruments were completely funded by non-

Federal,sources, while for the biological sciences only 40 percen

were completely dependent on those sources. In.private institu-

tions, 53 percent of the instruments received total funding from

Federal agencies, compared.with.45 percent for public institutions

AboutJlalfof the instruments in the biological sciences

were completely funded.by Federal sources, the same proportion

as found for physical-sciences; however, the physical sciences

had partial funding from Federal sources about twice as often as

biology (Appendix Table A-13). Agricultural science instruments

rarely had any Federal funding, but almost all those in materials

science had at least partial Federal funding.

7.3 Summary

Almost all instrument systems in the biological sciences

and departments of 'edicine were purchased new. No other means

of acquisition played a significant role.

Funding sources for the biological sciences in graduate

schools differed from those in medical schools. While both

received about half of their funds from Federal sources -- and

NIH was by far the largest Federal contributor to both settings

-- NSF contributed three times as much to the graduate schools

as it did to medical schools. Among the non-Federal sources,

the institutions were the major contributors, with a slightly

higher proportion of institutional funds going to medical schools

than to graduate schools. Institutional funds, however, contain

an undetermined component of money originating from Federal sources.

7-13
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Funds fiom the state were a minor factor, but they went mostly

to graduate schools. Departments of medicine, however, received

62 percent of their fUnding from non-Federal sources, three-

fourths' of that being from their institutions. Private institu-

tions received'a higher proportion of:their equipment funds from

Federal sources than did the public institutions.

Federal sources as a'whole funded a larger percentage

of instruments costing under $25,000 than did non-Federal sources,

which in turn furded,a laiger percentage of those'costing over

$25,000. The funds granted by NTH were used for instruments

costing leSs'than $25,600, far more than for thoid costing

$75,000 and more.' The reverse was true for NSF's-funds.

Piivate institutions had a higher percentage of instru-

ments completely funded by Federal sources when compared with

public institutions.
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8. LOCATION AND USE OF ACADEMIC RESEARCH EQUIPMENT
-

Ques,tions.haye been raised periodically concerning the

extent to whiCh re'earCh,equipment in academic laboratories is

availaLle to qualified research investigators in other laboratories.

Is sharing of expensive instrument systems a common practice, or

do academic investigators tend to duplicate desirable instruments

even though the equipment may lie unused within their own labor-

atories for considerable periods of time?

The present survey cannot answer all of these questions;

the need for similar instruments in separate laboratories is a

matter for local evaluation of how best to use the time and

effort, of skilled research teams. Nevertheless, many institutions

have departmental laboratories where :-ommonly used equipment is

shared by most investigators and their staff members. In this

chapter, data are presented on the location of equipment --

whether in individual investigatt,,.s' laboratories or in shared

facilities -- and on how many research personnel use instruments

in each type of facility.

8.1 Location of Equipment

In the biological sciences, for both graduate and

medical schools, about 65 percent of all equipment was locate,,

in within-department laboratories of individual principal inve,

tigators (P.I.$) (Table 8-1). For departments of medicine, the

comparable number was 70 percent. Almost all of the remaining

instrument systems were in department-managed common laborato s,

with about 3 percent -- less for departments of medicine -- in

nondepartmental instrumentation facilities and 1 percent in
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TANLE 8-1
LOCATION OF ACADEMiC RESEARCH ernrmorr
INSTRUMENT STITCH IN RESEARCHWIt IN 19831 BIOLOGICAL AND SCIENCES

- - - - -NURSER AND PERCENT OF sysTers--------
------------- FIELD AND SETTING- - -
---DIOLOCICAL SCIENCES
WRADUATE MEDICAL DEPARTMENTS
SCHOOLS SCHOOLS OF nomme

TOTAL. ALL LOCATIONS 6069 8912 2810
1001 1002 1001

WITHIN REPARTRENT LAS Or 3930 1612 1142
INDIVIDVALtRom:rAL:ovninmors 612 641 702

SHARED-ACCESS FACILITIES. TOTAL 2139 3219 848
312 361 302

NATIONAL. 11010NAL. OR INTER- 45 16 S4
UNIVERSITY INSTAVFIXTATION 11 IS 21
FACILITY

NON-DEPARTNENTAL RIEURCH 202 324 37
FACILITY 31 41 11

DEFARTRENT-MANACED C0111011 LAS 1060 2824 616
311 327 24%

OMR 21 16 71

3T

8-2
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national or regional facilities. For convenience, these latter

three locations are collectively referred to as inherently

'shared-access facilities.

Compared with other fields of science (Appendix Table

A-14), the location pattern for the biological science: agrees

most closely with those in agriculture and the physical sciences.

The environmental sciences and engineering each had about half

their systems in P.I.-controlled laboratories. In the remaining

fields, nondepartmental, facilities played a more prominent role.

Table 8-2 displays the percentage of systems in shared-

access facilities by subfield of research and by state-of-the-

art status. About 35 percent of both state-of-the-art and other

in-use systems were in shared-access facilities. Several subfields

had about 20 percent in shared facilities: biochemistry, molecular/

cellular biology, physiology/biophysics, pharmacology/toxicology,

and zoology. The other subfields ranged upward to as high as 50 .

percent. In a majority of the subfields it appears. _hat state-

of-the-art instruments were somewhat less likely to be in shared

facilities than were other in-use instruments.

In Table 8-3, the proportions of instrument systems in

shared-access facilities are presented within cost categories.

Of systems costing between $10,000 and $24,999, only 31 percent

were in shared facilities, whereas 63 percent of those costing

between $75,000 and $1,000,000 were in shared facilities.

In the biological sciences, graduate schools and medical

schools had the same overall prcportions of instruments in shared-

access facilities, yet 71 percent of the graduate school instru-

ments in the top cost category were in such locations, compared

8-3
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TASLE 5.2
PERCENT OF ACADEMIC RESEARCH E0U111111tt LOCATED IN SHARED - ACCESS FACILITIES.

SY RESEARCH STATUS
INSTRUMENT SYSTEM IN RESEARCH USE IN 19031 BIOLOGICAL AND MEDICAL SCIENCES

PERCENT OF SYSTEMS IN
SHARED- ACCESS FACILITIES

RESEARCH STATUS---
STATE-OP-THE- OTHER SYSTEMS

TOTAL MT SYSTEMS RESEARCH USE

TOTAL 352 342 332

susnEu OF'RESEARCH

SIOCHEMISTNY Et% tss 302

NICROSIMOGY 4E2 342 462

MOLECULAR/CELLULAR BIOLOGY 312 312 312

PHYSIOLOGY/SIONTSICE 272 29% 272

ANATOMY 492 422 332

PATHOLOGY 402 322 422

PMARNACOLOGY/TOZICOLOGY 302 312 302

ZOOLOGY/ENTOMOLOGY 2152 262 242

BU ANY 442 232 312

FOOD AND NUTRITION 472 442 452

BIOLOGY. GENERAL AND N.E.C. 332 462 342

MESCAL SCIENCES/DEPTS MED 352 462 372

INTENDISCIPLIEART, N.E.C. 412 402 422

FIELD AND SETTING

BIOLOGICAL SCIENCES. TOTAL 362 332 362

GRADUATE SCHOOLS 332 312 362

MEDICAL SCHOOLS 362 332 362

DEPARTKEETS CF MEDICINE 42 342 29Z

INSTITUTION CONTROL
. -

PRIVATE 312 342 312

PUBLIC 372 342 372

8-4
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3

PERCENT CF ACADEMIC RESEARCH EQUIPMENT LOCATED IN SNARED- ACCESS FACILITIES.
BY SYSTEM COST
INSTRURENT SYSTEM IN RESEARCH USE IN 19831 MOLD. .CAL AND IEDICAL SCIENCES

PERCENT OF SYSTEMS IN SHARED-ACCESS FACILITIES

SYSTEM PURCHASE COST
110.000- 605.000- 173.000

TOTAL 124,979 674,999
.

110004000

TOTAL 352 312 412 632

SUIFIELD OF RESE/1CH
...-

BIOCHEMISTRY 272 27% 33% 452

MICROBIOLOGY 452 452 362 612

MOLECULAR/CELLULAR 219LOGY 3IX 27% 33% 742

PHYSIOLOGY /BIOPHYSICS 27% 245 322 462

ANATOMY 492 372 63% 702

PATHOLOGY 402 242 6A% ARE

PHARMACFLOGY/TOTICOLOGY 302 292 331 412

ZOOLOGY/ENTOMOLOGY 2B% 212 392 532

BOTANY 442 402 422 1002

FOOD AND NUTRITION 472 662 482 302

BIOLOGY. GENERAL AND N.E.C. 332 464 372 932

MEDICAL SCIENCES/DEPTS KED 392 33% 472 662

INTERDISCIPLINARY, N.E.C. 412 382 462 462

FIELD AND.SETTI3G

BIOLOGICAL SCIENCES, TOTAL 362 325 412 642

GRADUATE SCHOOLS 352 32% 37% 715

NEDICAL'30100L5 36% 32% 412 612

DEPARTMENTS OF MEDICINE 302 252 432 385

INSTITUTION CONTROL

PRIVATE 312 252 352 572

PUBLIC 372 322 442 672

8-5



with 6113ercent for medical schools. Public institutions had

somewhat highe- propotiOns in shared - access facilities across

all cost categories than private institutions.

Older instruments were more frequently located in

shared-access facilities (Table 8-4). Of those over 10 years

old, 41 percent were in such locations, compared to 32 percent

of those between 1 and 5 years old. This trend was apparent in

10 of the 13 subfields. It was true'also for both private and

public institutions.

8.2 Availability for General Purpose Use

About 17 percent of all research instruments in the

fields surveyed were dedicated for use in a particular experiment

or series of experiments (Table 8-5). About one-third of these

dedicated .instrument- had been physically modified in some way

to make them suitable for their intended use. The rest were

reserved intact for the specified experiments, their calibration

and position undisturbed by outside use. Physiology/biophysics

had the largest proportion of dedicated systems, 32 percent.

The biological sciences had a smaller proportion of

dedicated systems thah most other fields of science (Appendix

Table A-15). The physical sciences (39%), engineering (37%),

environmental sciences (33%), and agricultural sciences (24%)

all had larger proportions of their research equipment reserved

for special purpose use than did the biological sciences.

8-6
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TABLE 0-4
PERCENT OF ACADEMIC RESEARCH ENUIPRENT LOCATED IN SHAREO:ACCESS FACILITIES

BY ACE OF SYSTEM
luARUMEXT SYSTEMS IN RESEARCH USE IN 191132 BIOLOGICAL AND MEDICAL SCIENCES

PERCENT OF SYSTEMS IN SHARED-ACCESS FACILITIES

TOTAL

SISTER ACE (FROM YEAR OF PURCHASE)
OVER 10

1-5 TEARS 6-10 YEARS YEARS 11973

11979-031 11974-701 OR BEFORE)

TOTAL 351 320 361 411

SU:FIELD OF RESEARCH

BIOCHEXISTRT EU 211 240 340

MICROBIOLOGY 451 371 501 641

ROLOCKAITICOLLVLAR BIOLOGY 310 260 320 371

PHTSIOLOGY/SIOPHTSICS 271 240 201 361

ANATOMY 4U 471 331 301

tATHOLOCY OE 371 351 471

PHARMACOLOGY/1011COLOGY 301 300 241 391

ZOOLOGY /ENTOMOLOGY 251 721 371 441

BOTANY 440 311 641 571

FOOD AND muumuu 411 401 501

BIOLOGY. GENERAL AND N.E.C. 531 :60 311 471

MEDICAL iCIENCES/DEPTS NED 391 371 441 360

INTERDISCIPLINARY. N.E.C.

nuo AND SETTING

411 3111 341 In

BIOLOGICAL SCIENCES. TOTAL 360 32x 360 43x

GRADUATE SCHOOLS 351 311 3111 411

nrozcAL SCHOOLS' 361 331 351 441

DEPARTMENTS OF MEDICINE 301 301 321 291

INSTITUTION CONTROL

PRIVATE 311 291 331 361

PUBLIC 371 331 371 431
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8.3 Annual Number of Research Users per instrument System

An index of how widely academic research equipment is

used is the mean annual number of users per instrument system.

In Table 8-6 it is seen that the average instrument system in

the biological sciences and departments of medicine was used by

10.9 researchers in 1983. This number varied among subfields,

from a low of 8.0 users per'system per year in zoology and 8.6

in medical sciences to a high of 14.2 for both microbiology and

general biology. General purpose instruments had a mean of 11.8

users, in contrast to about 6.6 users for dedicated instruments.

As shown in thesecond part of Table 8-6, graduate

schools had more users per instrument than did.medical schools,

and biological sciences as a whole had considerably more than

departments of medicine. Private institutieSd'had slightly more

users per sysite than did public institutions, and state-of-the-

art instruments were used by slightly more researchers than

other. in -use instruments. However, purchase cost showed the

only noteworthy differential: instrument systems, in the cost

range of $75,000 to $1,000,000 had much larger mean'numbers of

users than did those in the two lower cost ranges. In all of

these comparisons, general purpose instruments were more broadly

used than were dedicated ones, as would be expected.

Appendix Table A-11) shows that the biological sciences,

along with agricultural sciences, had fewer users per instrument

than all other fields of science. The physical sciences, which

had the same proportion of instruments in the laboratories of

principal investigators as did the biological sciences (Appendix

Table A-15), nevertheless had 15.5 users per instrument, noticably

more than the biological sciences.

8-9
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Another approach to quantification- of instrument usage

is the extent to which instruments are used by researchers from

outside the departments in which they are located. In Table 8-7,

researchers are classified accordit4 to their origin: first

being faculty or faculty-equivalent researchers from within the

department; then graduate students, medical- students, and post-

doctorates from within the department; and then researchers from

increasingly remote origins. Of course, individual instruments

could be used by more than one category of user.

For all subfields, 95 eercent of the instruments were

used by faculty of the host department. In addition, 36 percent

of these same instruments were used by researchers from other

departments of the same institution, 10 percent were used by

researchers from other universities, and 14 percent were used by

nonacademic researchers. Eighty-two-percent of all instruments

were also used by graduate students, medical students, and post-

doctorates within their own departments.

Therl was little variation among subfields in the

percentage of instrument systems used by faculty from the host

department. There was also little variation among subfields for

percent of instruments used by graduate and medical students and

postdoctorates, except for pathology and medical sciences, which

had significantly lower percentages than other fields. For

these two subfields, there is probably a relationship between .

the reduced usage of instruments and the lack of graduate students.

Patnology, for example, 1 the smallest number of doctoral

degrees awarded of all the subfields studied (Table 5-7). For

medibal sciences, the research was performed mostly in departments

of medicine, which do not award graduate degrees. With the

exception of microbiology, all of the major subfields had a

little over 30 percent of their instruments used by researchers

8-11
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TAILS 1-7

PERCENT OF ACADEMIC RESEARCH ElUIPMENT USED IT VARIOUS TYPES OF RESEARCH USERS
INSTRYRCAT 145%281 IN USURP' USE IN 11134 110LOGICAL AND MEDICAL SCIENCtS

- -PERCENT OF IN-USE sriTspilstn IN 1113 114:.
CRACVATE

MN REDICAL
STUDENTS AND RESEARCHERS

FACULTY.
/M18 DEPT./

FACILITY
------------

POST 0003..
THIS DEPT./
FACILITY

------------

FROM OTHER
DEPTS. THIS
INSTITUTION
------------

RESEARCHERS
F108 OTHER NONACADEMIC

UNIVERSITIES RESEARCHERS
------------ ------------

TOTAL 13.72 12.32 31.41 7.62 13.12

SVIFULD OF RESEARCH
-..---............-

110CHERISTRY 13.22 14.22 31.71 0.31 12.02

MICROSICLOSY 16.12 06.12 41.11 5.n 7.32

RCA.SCULAR/CULULAR SIOUX% 17.42 11.32 32.11 4.41 11.22

AMYSTCACCY/SIOPMTSICS 13.12 01.62 33.11 1.71 1.22

ANATOMY 16.62 11.22 31.62 6.22 10.32

PATHOLOGY 17.02 44.72 21.41 7.12 7.12

ANARRICCAOG4/1011C0LOGY 12.11 11.12 33.42 10.42 16.22

103LOCT/EMTONOLOGY 16.72 16.22 31.02 8.02 1.10

SOTANY 17.02 $8.12 34.11 12.83 17.62

FOOD AND NUTI.14101 84.31 13.62 32.11 8.32 17.62

118(001. GENERAL AND N.E.C. 13.22 77.32 36.21 14.42 10.42

MEDICAL SCIENCES/6E1.1S RIO 17.42 41.02 33.31 14.42 23.32

INTERDISCIPLINARY. 6.8.0. OVA% 74.12 31.22 34.42 16.12

FIELD AND SETTINS
..... ---

SICAOGICAL SCIEAMS. TOTAL 13.02 83.22 34.31 1.12 12.12

CRAVUATE SCHOOLS 13.22 86.62 33.42 1.12 13.12

MEDICAL SCHOCAS 14.12 14.32 11.21 7.12 12.72

DEPARTACKTS 67 REOICIN1 16.32 61.22 36.12 12.42 11.32

I01TITUTI01 CONTROL

PRIVATE 13.11 81.32 31.02 1.11 13.62

AVILIC 14.12 03.12 31.31 10.12 14.12

RESEARCH 31.14S
.... -

STATE OF tA2 MT 16.72 12.22 32.11 12.01 11.02

OTHER 14.12 82.62 37.42 1.02 12.02

PURCHASE COST
.............

110.000-$24M, 13.12 03.32 33.12 6.12 12.12

623.000-474.911 11.32 81.12 40.62 13.12 14.32

171.000.41.000.000 11.12 78.62 60.72 31.02 23.42

852
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from other departments at the same institution. For microbiology,

a remarkably high 50 percent of their instruments were used by

researchers from other departments in the same institution.

Non-academic researchers were most frequently found in molecular/

cellulnr biology and in the medical sciences.

The second part of Table 8-7 shows that departments of

medicine shared equipment most extensively with .nonacademic

researchers than did biological sciences. Public institutions

shared with researchers from other departments at the same univer-

sity a lit -le more than did private institutions. It was some-

what more common for state-of-the-art instruments to be shared

with researchers from other universities and with nonacademic

researchers than it was for other instruments.

As with many other statistics examined in this report,

instrument usage varied most notably by instrument purchase cost

level For graduate students and postdoctorates, there was a

slight tendency for the usage proportions to decline with increasing

cost of the equipment. However, a very pronounced usage increase

with increasing cost of equipment was evident for researchers

from other departments within the same institution, for researchers

from other institution:, and for nonacademic researchers. Evidently,

more expensive equipment is more likely to be shared with invest-

igators from outside.

8.4 Summary

About 65 percent of all equipment for the biological

sciences was located in the laboratories of individual imescigators;

for departments of medicine, 70 percent were in those locations.

The remainder were in inherently shared-access facilities, the

most commo o: which were department-managed common laboratories.

8-13
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Costly instrument systems were more likely to be located

in shared facilities than were those with lower purchase costs.

About two-thirds-of instruments costing between $75,000 and $1

million were in shared .facilities, compared to about one-tnird

of those costing fromC$10,000 to $24,999. Graduate schools

tended to have higher proportions of their most costly instruments

in shared facilities than did medical schools, as did somewhat

more of the public institutions than the private institutions.

Older instruments were more likely to be located in

shared facilities. Overall, 41 percent of the instruments over

10 years old were so located, compared to 32 percent of those 5
years old or less. Th s pattern appeared consistently in the

biological science subfields, but did not appez. at ell in
'departments of medicine.

Only 17 percent of instruments in the biolOgical sciences

were dedicated to specific experiments or series of experiments,

the remainder being available for general use. This proportion

of dedicated equipment was about half that for most other fields
of science.

The average number of users for instrument systems in

the biological. sciences was about 12 per instrument for general

purpose instruments and about 7 for dedicated instruments. It
was lower for instruments in departments of medicine. The
biological sciences had fewer users per instrument.than all

other fields of scienc, except agriculture. The most costly

instruments in the biological sciences (those costing between

$75,000 and $1 million) had substantially more users per

instrument than those in lower cost categories.

8-14
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The more costly instrument systems..(over $75,000) were

very likely to have been used by investigators from outside the

department, and even from outside the institution. There was

aiso a tendency.for state-of-the-art instruments to be used by a

wider raLge of users than equipment not considered state-of-the-

art.

In the biological sciences, considerable sharing routinely

takes place,'especially with instruments not dedicated to specific

experiments. The percentages of instruments used by r...4searchers

from within the same department, by graduate and medical students

and postdoctorates, and by members of other departments in the

same institution -- all indicate an impressive amount of cross-

usage of instruments. Additionally, a high percentage .Df instruments

are located in inherently shared-access facilities, and thers is

especially widespread use of the most expensive instruments.

Thus, one can conclude that in academic sciences sharing of

equipment is the rule and not the exception.
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9. MAINTENANCE AND REPAIR

The effective cost of research instrumentation extends
beyond original acquisition cost. The quality of an instrument's

performance and its longevity depend on adequate maintenance

practices throughout its working life. A number of questions

relating to the quality and costs of maintenance and repair

(M&R) were asked in the survey of both department heads and
users of instrume^ts. This chapter presents the f-ndings on M&R

for the biological and medical sciences.

9.1. Assessment of M&R

Department/facility heads assessed the instrumentation

support services available to their departments, including such

facilities as electronics and machine shops. Their evaluations
are reported in Table 9-1.

Overall, only 16 percent regarded their facilities as

excellent, and nearly 50 percent reported insufficient or non-
existent facilities. The patterns of response among the depart-

ments were quite varied. Departments of molecular/cellular

biology and physiology/biophysics assessed 32 percent of their
M&R facilities as excellent. Departments of food/nutrition,

however, could find no facilities to rate as excellent, while

for botany and pathology there were only 6 percent and 8 percent
respectively, of excellent facilities. Thirty-eight percent of

the pharmacology/ tc-cicology departments reported that they had
no M&R facilities at all.

9-1
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TA2LE T-1
DifARTHENT/FACIiIiT ASSESSRENT OF AVAILABLE asTRuHERTATION SUSPORT SERVICES
BIOLOGICAL AND MEDICAL SCIENCES

------------

TOTAL

DEPAWMENTS

SIOCMEHISTRT

HICROSIOLOCT

TOTAL

100

100

:00

PERCENT OF DEPARTHENTS/FACILITIESiSSFSSINE
INSTRVIIENTATION SUPPORTSERVICTS AS

- - -
EXCELLENT ADECIATE titEurfiCIENT NONEXISTENT
------------ ------------

IA 46 31 17

16 30 37 17

It 37 33 IS

notamriforcvarr BIOLOGY 100 32 33 V 24

PHTSIDLOST,SIOPHTSICS :00 32 35 17 13

ANATORT 100 22 46 22 10

PAT:OLDS? 100 I 26 ;4 22

PHARRAEOLosTPTOXIcoLDGT 100 20 II 24 33

ZOOLOGT,ENTOHOLOOT 100 12 31 3 10

CHANT 100 6 s4 10 22

p00, AND NUTRITION 100 0 33 53 14

SIOLO:T. CIDECRAL AND x.E.S. 100 13 33 30 16

DEpARTHENTS of nEDIC1NE 100 6 64 30 0

FIELD AHD SETTING
-----------------

BIOLOGICAL SCIENCES. TOTAL 100 16 34 31 10

CRADUATE SCHOOLS 100 16 34 33 17

NEDICAL SCHOOLS loo 17 34 29 20

ottomans Of nEDICINE 100 6 64 30 0

111571TUTION CONTPSIL
.-------.---_

PRIVATE 100 30 27 rt 22

PvELIC $00 7 30 36 16

9-2
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Only 6 percent of the departments of medicine viewed

their MO facilities as excellent, but 64 percent stated that

they_wsre adequate, for a total of .70 percent rated adequate or

better. All departments of med..ine reported that they had some

kind of MO facility. The biological sciences as a whole had a

less satisfactory view of their MR facilities, w:":11 a total of

50 percent having adequate or better facilities and 18 percent

reporting none at all.

Private institutions rated 30 percent of their facili-

ties as excellent, a much larger proportion than the 9 percent

for public institutions. Private institutions also reported a

.iigher proportion of departments without MR facilities -- 22

percent to 16 percent.

9.2 The Costs of MR

It has already been shown (Table 4-1) that $35.7 million

was spent for M&F. in FY 1983 by academic departments and facilities

in the b:ologica: and.medical sciences, compared to $158.2 million

in reported purchases,by the same departments and facilities for

items of xesearch equipment costing $500 or more. This amounted

ho 22.5 cents spent on MO for every dollar spent to acquire new

equipment in that year.

There are several facets of expenditures for MR.

They may be described as: (1) costs of services provided by

sources outside the instivation -- i.e., servi:m contracts and

field service as needed; (2) salaries for university-employed

MO personnel; and (3) costs of supplies, equipment, and facili-

ties used for MO within the department.

9-3



The mean expenditure per,department for all these

costs was $30,200 in FY 1983, of which nearly two-thirds was

spent for outside services, an shown in Table 9-2. There was

considerable variation,by department in mean expenditure. Among

the biological sciences, the largese mean expend*.tures were

found for general biology ($36,200), physiology/biophysics

($35,900), and molecular/ cellular biology ($35,70u). The small-

fsst mean expenditures were made by food/nutrition ($15,100),

botany ($16,900' and microbiology ($17,300).

The biological science departments also varied in

their relative use of outside services as opposed to university-

based Malt staff and facilities. While the overall proportion

spent by biological science departments for outside services was

62'percent of M&R funds, departments of zoology/entomclogy used

only 38 percent of their funds for outside services, with the

remainder going into university staff salaries and the supplies

and facilities used by those staff members. Similarly, for

physiology /biophysics 47 percent went into outside services. At

the other end were botany (80 percent for outside services),

pharmacology/toxicology (77 percen.), and microbiology (73 percent).

M&R expenditures for departments of medicine were

quite different from those for the biological sciences, averaging

$59,700 per department, compared to $25,800 for graduate schools

and $31,300 for biological sciences in medical schools. More-

over, departments of medicine relied on outside services more

heavily, spending 76 percent of their M&R funds for this purpose

compared to 62 percent for the biological sciences. The larger

mean expenditure for departments of medicine can be traced to

their greater size; there were more than twice as many instru-

ments in use per department for departments of medicine as there

were for the average biological sciences department. The differ-

ential in mean expenditures disappears when this factor is

controlled.

9-4
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TASK 1-11
ROAN FT 1103 EIENDITORE PER DEPARTMENT /FACILITY FOR RAIN:DANCE AND REPAIR OF RESEARCH ESUIPBENT:
BIOLOGICAL ANS imam SCIENCES

(DOLLARS IN TH07544011
PER DIPARTSEIT MAN FT 1103 ESPINDI1VRE FOR HAINTENANCE

TOTAL

AND REPAIR OF RESEARCH Lawman

11/R SERVICE wintsItmretorto
CONTRACTS AND B/R PERSONNEL
FIELD SERVICE SALARIES

11/R SUPPLIES
esuext

AND FACILITIES

TOTAL. SELECTED FIELOP 630.2 111.0 66.4 14.0

CiPARTMENTS
...........

BIOCHEMISTRY 21.7 11.6 6.0 4.0

HICROVIOLOGY 17.3 12.7 1.1 2.7

HOLICULAILICEUXLANIIOLOCY 33.7 . 22.7 0.0 3.0

PHYSIOLOLY/310PHTSICS 33.1 16.7 12.5 6.4

4144:041 30.3 10.3 4.1 7.1

PATHOLOGY 20.1 11.4 6.2 3.2

PHARNACOLOGY/TOIICOLOCY 27.3 21.1 2.6 3.7

EMMY/ENTOMOLOGY 21.3 0.1 7.3 3.7

ROTARY 16.1 13.6 1.1 1.3

FOOD AND NUTRITION 15.1 0.7 3.7 2.7

SIOLOGY. CENERAL AND N.E.C. 36.2 21.2 1.3 3.3

DEPARTHENTS Of nu:awe 31.7 43.4 6.7 7.6

FIELD AND SETTING

SICLOCICAL SCIENCES. TOTAL 00.6 17.6 6.4 4.6

CRADVATE SCMOOLS 25.0 16.1 5.7 4.:

MEDICAL SCHOOLS 31.3 11.0 7.1 5.2

'APARTMENTS Of MEDICINE 37.7 43.4 6.7 7.6

INSTITUTION CONTROL---.-----.

PPIVATE 37.6 20.3 7.3 5.0

PUBLIC 26.0 13.6 6.0 4.3

9-5
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Private institutions spent 50 percent more per depart-

ment on M &R than public institutions. Sixty, -seven percent of

their M&R expenditures went into outside services, compared to

60 percent for 2ublic institutions.

The methods of providinc, M &R service are presented in

more detail in Table 9-3. These data, and those for the remain-

ing tables in this chapter, were supplied by instrument users on

the Instrument Data Sheet. As shown in Table 9-3, 39 percent of

the instrument systems were maintained under service contract.

Field service as needed was employed for 27 percent of '..he instru-

ments, university-based M&R staff serviced 10 percent, and research

personnel handled 8 percent. Overall, 17 percent of the systems

did not have service contracts and did not require any servicing

during the year.

About 50 percent of the instruments used in microbiology

and molecular/cellular biology were under service contract,

whereas only 9 percent of those in food/nutrition, 18 percent of

those in zoology/entomology, and 23 percent Ji those in physiology/

biophysics had service contracts. Food/nutrition tended to use

localA&R staff and research personnel instead of service contracts

to perform the necessary service, and zoology/entomology often

used field service. In both these subfields, about 30 percent

of their instruments required no service at all. Physiology/

biophysics also used university staff and research per_ns more

frequently than other subfields instead of servtce contracts.

There were essentially no differences between depart-

ments of medicine and the biological sciences in patterns of MsEt

servicing. Private institutions, however, tended to use service

contracts and field services about 23 percent more often than

public institutions.

9-6
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TAEL2 0-5

PRINCIPAL EFANS OF SERVICING 1N-USE ACADEMIC RESEARCH INSTRUNENIS: DICAOGICAL AND NEDICAL SCIENCES 611

PERCENT OF IN-USE STSTENS SY PRINCIPAL NEARS OF SERVICING 621

IOTAL
SERVICE
COAIRACT

NONE
REUIDED
- - -

FIELD
SERVICE

- - - -----

UNIV. 17/11

PERSONNEL
RESEARCH
PERSONNEL

TOTAL. SELECTED FIELDS 100% 391 17% 27% 10% Ili

501010.0 OF RESEARCH

VIOCNEAISTRY 100 42 14 24 , a

NICROVIDEOGY 100 32 17 20 6 e

NOLECVLAR/CELLMAR BIOLOGY 100 31 13 28 4 D

PNTSIDLOGY/810PHY31C5 100 23 22 27 16 12

*EATON, 100 36 31 23 I 3

PATHOLOGY T 100 44 13 31 7 e

PHARNACOLOGT/TOTICOLOGy 100 35 17 24 8 13

100L0GE/ENTOROLOGI. 100 18 31 37 I lb

BOTANY 100 32 14 30 17 7

FOOD AND NUTRITION 300 9 30 29 22 11

110L001. GENERAL AND N.E.C. 100 33 19 23 te 0

MEDICAL SCIENCES/DEPTS. NED 100 30 13 31 13 .4

INTERDISCIPLINARY. N.E.C. 100 27 le 19 II 25

FIELD AND SETTING

110L00ICAL SCIENCES. TOTAL 100 37 17 2* 10 ,

GRADUATE SCHOOL! 100 30 16 2* 11 I

MEDICAL SCHOOLS 100 40 18 26 8 9

'DEPARTMENTS Or MEDICINE 100 38 13 31 II '3

INDIITUTICA CONTROL

PRIVATE 100 44 19 23 9 3

PUIL1C 100 36 le 28 10 10

CIS PERCENTS MY NOT SUN TO 100 BECAUSE OF ROUNDING.

12) IF MORE THAN ONE PORN OF SERVICING WAS USED IN itu. THE INSTRUMENT STSTEn HAS ASSIGNED TO
THE FIRST-LISTED CATEGORY THAT APPLIED.
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9.3 Relationship of Means of Servicing to Working Condition

In Table 9-4, an analysis lo presented of the propor-

tion of instruments in excellent working condition by the means

used to service the instrument in 1983, with age of equipment

held constant. It has already been shown (Figure 6-3) that a

strong relationship exists between the age of an instrument and

its working condition; this relationship is also xeflectce. in

Table 9-4. Within each age category, however, there seems tz be

little difference in proportion of Instruments .in excellent

condition between those under service contract And those receiv-

ing M&R by any other means. (The'category No Service Required,

of course, is excluded in this analysis.)

This lack of relationship between 1983 means of ser-

vicing and 1983 working condition, while interesting, does not

necessarily imply a wider lack of relationship between an instru-

ment's history of M&R and its mechanical longevity. Longitudinal

data would be required for the examination of such cause-and-

effect relationships.

9.4 14&R Costs and Age of Instrumenta

MR for an instrix..ent system Ln the .biological and

medical sciences costs more after the Instrinnent .is over five

years old, according to Table 9-5. Overall, the mean expendi-

ture per system for M &R in FY 1983 .was $900 lox systems from 1

to 5 years old, $1,400 for those between 6 and 10 years old, and

$1,300 for those 11 years and older. The pattern of lower M &R

costs during the first five years held true .for all subficals.

9-8
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TASTE 4-4

PCHCENT CT IW-USE ACADEMIC RESEARCH INSTRUMENT SYSTEMS MAT ARE IN EICELLET NORAINL CONDITION.
BY SYSTEM ACE) BIOLOGICAL AND MEDICAL SCIENCES

PERCENT OF 1m-use SYSTEMS IN EiCILLENT UORXINC
CONDITION. El/ SY SYSTEM ACE

I-: YEARS 6-10 YEARS 11 TEARS
TOTAL 11171 -871 11174-781 (BEFORE 11741

TOTAL. SELECTED FIELDS SU 710 TIE tai
rRixcliAL MEANS OF
SERVICING 123

- - - - -

SERVICE COstRACT 41 66 40 28

NO SERVICE RE:TIRED 78 88 44 40

FIELD SERVICE. AS /CEDED :I 71 :1 24

UNIVERSITY - EMPLOYED 31 :6 21 22
hAINTENANCE/WAIR STAFF

RESEARCH PERSONNEL 44 43 42 20
(FACULTY. POST-DOCS.
COMTE STUDENTS)

(11 BASED ON UM CHARACTERIZATION.

EH IF MOPE THAN 242 FORK OF SERVICING HAS USED IN ITS:. THE INSTRUMENT MITER HAS *MENU
TO THE FIRST-LISTED CATEGORY THAT APPLIES.
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TULL -.3
PIA. EI7E811022 IN 1113 PER 1100111 70:11 NAINTINANCE AN0 REPAIR Of 16-01 ACASEP15 RE5EAR01
13120.220 SYSTEM. IT 2730E4 A020 11103:5.:64. AN0 Nolim 65:26022

PER S TTTTT KM, CpCse:ThIl IN I/Si-FM NANCE
ANS REPAIR. ST STIMI AGE

-------
1 -3 TEARS 6-10 TEMS 11 TEARS

15161, 11T71.1151 .711 0251011
.............. .............. ..... ......... ..............

00041.. UE251E3 FIELOS 11.103 1110 11.400 11.340

301FIEL0 Ce RESEAROI
. - . . .. -- . - . ... . -

2100/42,111101T 1.003 100 1.500 1.100

IIICTSSICXOGT 1.300 900 1.100 1.100

NOUICALAR/CILLULAR $1530GT 1.300 1103 1.600 1.400

PNTSIOLOCTiSIONTSICS 900 SOO 1.000 700

ANATCTP 1.600 100 2.200 2.400

660,10301T 1.600 1.000 1.400 1.400

2,66676051.007/271109t0T 1.103 1.100 1.300 200

207.5.4TiE40270009 703 300 1.500 0.400

MART LOO 100 1.100 *50

POGO ANN NW/MSC. 600 OO 300 1.000

SIC.CGT. GEOM. AND .0.5. 1.700 1.500 1.300 2.400

PEOICALSGIENGESiDEPTS.1120 1.400 1.200 2.000 1.000

3NTE05155111.11462T. 0.2.5. 2.000 1.400 1.900 3.100

MU Ari SITTING
.-......... .....

SIC.=ICAL 55:16CE1. 00183 1.103 100 1.343 1.400

50.00801 SGTC5E3 1.000 700 1.340 1.200

1101:61. SCPCXS 1.200 140 1.500 1.500

CEPARTNENTS Cl NE015122 1.210 1.103 1.600 1.000

14111011011 2507206
.-....--------

70217872 1.340 700 1.300 1.000

POMO 1.100 100 1.500 1.343

371040 70i:601M COST
....................-

110.000-124.977 TOO 540 700 700

123.000-171.977 1.400 SCO 1.900 2.403

125.000.11.010.000 .300 5.700 6.250 6.500

PRINC:PAL MANS Cl
MINIM: III
--.-------....--

SERVICE CONTRACT 2.300 2.000 7.300 2.00

NO SERN:CE RECHIED 0 0 0 0

FOILS SERVICE. AS NEEDER 700 500 210 1.040

ONIVERIIIT.LPPLOTIO 600 500 :CO 100
MADITERAMCWIPAIR STOP

RESIARCR PENSOtNEL
IFACULTT. 7030.0045.

400 300 300 500

01600612118CE4151

gal OF 6072 nom ONE FOR. 0I SERVICING PAS 9113 IN 1913. 0Ml :NS0R0REN0 STSTER 11.45 ASSIGNE3
03 011 701310 :110(1 440E5011 01.180 470PLIE3.
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The mean expenditure for all instruments was $1,100.

The subfields with the lowest MR expenditures were food/nutrition

($600), zoology/entomology ($700), botany ($800), and physiology/

biophysics ($900). The highest expenditures were made by general

biology ($1,700) and pathology and anatomy ($1,600 each).

Departments of medicine and biological sciences had

nearly the same mean expenditures. Private institutions spent

$1,300 per instrument on MR, while public institutions spent

$1,100.

Large differences in mean MR expenditures were found

for size of instrument purchase cost. For instrument systems

costing between $10,000 and $24,999, an average of $700 was

spent for MR. The mean expenditure for those costing between

$25,000 and $74,999 was $1,400, and for the most costly instru-

ments, the mean expenditure was $6,300. This MR cost differen-

tial was reflected in each of the age categories, especially for

those 11 years and older.

Service contracts were by far the most costly means of

performing MR service with an average of $2,300 per iL:Lrument,

compared to $700 for field service, $600 for MR staff w.thin

the university, and $400 for research personnel. The costs for

all means of servicing increased with age of instrument, the

increment in cost for instruments 5 years old or less and that

for instruments 11 years and older being 25 percent for service

contracts, 100 percent for field service, 60 percent for MR

staff, and 67 percent for research personnel.

9-11
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9.5 Summary

Only 16 percent of departments in the biological and

medical sciences considered their facilities for maintenance and

repair as excellent, while nearly 50 percent reported insufficient

or nonexistent facilities. Departments of medicine were more

satisfied with their MR facilities than were departments in the

biological sciences. All departments of medicine had such faci-

lities, while 18 percent of biological science departments did

not.

In FY 1983, 22.5 cents were spent on MR for every

dollar spent for new equipment. The mean expenditure per depart-

ment for MR was $30,200. Nearly tr.o thirds of this amount went

into service contracts and field service as needed. Private

institutions spent 50 percent more per department than public

institutions.

Instruments were serviced under contract more frequently

than by any other means, followed by field service. No servicing

was required for 17 percent of tle instruments. Negligible

differences were found in the L'roportions of instruments in

excellent working condition between instruments under service

contract and those maintained by other means, when age of instru-

ments was held constant.

The amount spent per instrument for MR rose after the

instrument became six years old. While the overall mean expendi-

ture per instrument was $1,100, it was $900 for those between 1

and 5 years old, and over $1,300 for those over 5 years of age.

The mean MR expenditure for instruments costing from $75,000 to

$1 million, $6,300, was far more than the $700 expended for

those costing between $10,000 and $29,999. Service contracts

cost an average of $2,300 per instrument, compared to $700 for

field service and less for other means of servicing.

9-12

867



862

In comparisons among the biological science disciplines,

those with the most favorable (and satisfactory) MR resources

were consistently molecular/cellular biology and physiology/

biophysics, followed by general biology. The least satisfactory

was. food/nutrition.
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10. SUMMARY

10.1 Overview

The results of this study ,idicate that there are

deficiencies in the current levels of instrumentation. The

extent of the deficiencies varies significantly among the sub-

fieids of research. More advanced instrumentation is needed to

allow investigators to perform critical experiments which cannot

now be adequately conducted. Better maintenance and repair

facilities are needed. Although 18 percent of the current

national stock of equipment is considered state-of-the-art, that

status is lost very rapidly; the need for upgrading is continuous

and of the highest importance.

10.2 Department-Level Findings

More than half of the heads of departments/facilities,

in assessing the needs and priorities of their departments,

stated that critical scientific experiments could not be con-

ducted because their departments lacked appropriate instrumenta-

tion. This was more often stated for the biological sciences

than for departments of medicine, and for public institutions

than for private institutions.

The capability of existing research equipment to enable

researchers to pursue their major research interests was rated

excellent for tenured faculty by only one-sixth of the departments,

while more than one-fourth rated their capability as insufficient.

The proportion sated insufficient for untenured faculty was

one-third. More than twice as many graduate school departments

as departments in medical schools answered "ins:afficient,' how-

ever, and three times as many departments in public institutions

10-1
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as in private institutions did so. Compared with other fields

of science, the biological sciences as a whole had a more favor-

able assessment of their current stock of equipment than any

other field, but this was primarily due to medical schools. For

biological science departments in graduate schools, the degree

of insufficiency matched that given by graduate school depart-

ments in other fields, such as physical sciences and engineering.

Although these assessments are based not on quantitative

data but rather on informed opinion, the consistency with which

some large groups report more inadequacies than other groups

indicates a widespread perception of a problem.

If :lcreased Federal funding were available for pur-

chase of research equipment, two-thirds of heads of departments/

facilities would put funds into instruments costing between

$10,000 and $50,000, while another 20 percent desired instruments

costing between $50,000 and $1 million. Private institutions

preferred more instruments in the upper range than public insti-

tutions. In other fields of science, there was more of a need

for $50,000 to $1 million instruments than was found in the

biological sciences, and even for systems costing above $1 million

-- which none of the department heads in the biological sciences

mentioned as a top priority need.

When asked to list the three research instruments

costing between $10,000 and $1 million that were most urgently

needed, department heads often listed various types of prepwative

instruments. For most disciplines, these were the most frequently

needed items. Nearly 80 percent of the instruments mentioned

were in categories where the median cost of the instrument was

under $75,000. Instruments with a median cost over $100,000

that were mentioned most frequently were electron microscopes

and NMRs.

10-2
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A total of $158 million was spent on research equipment

costing over $500 in FY 1983 by the biological sciences and

departrents -f medicine, with an additional $36 million spent on

maintenance and repair of research equipment. The mean amount

spent for research equipment in FY 1983 was $48,000 per annual
doctoral degree awarded. The mean amount per faculty-level

researcher was $5,900. Medical schools spent about twice the

amount per doctoral degree and researcher as graduate schools,

and private institutions considerably more than public institutions.

10.3 The National Stock of P-ademic Research Equipment

There were over 21,000 instrument systems in the current

inventories of the biological sciences and departments of medicine,

with an aggregate purchase cost of $555 million. In terms of

constant 1982 dollars, the cost of these instruments is estimated

at $863 million. The biological sciences had more instrument

systems than any other field of academic science, but the me."

cost per instrument system ($27,000) was the lowest for any

field except agricultural sciences.

About three-fourths of all presently existing academic

research instruments in the biological and medical sciences cost

between 410,000 and $25,000. Only 5 percent cost between $75,000

and $1 million, but they accounted for one-fourth of all funds

spent for equipment. Mean dollar amount of research instrumenta-

tion per researcher in the biological sciences was about $21,000,

but the amount in medical schools per researcher was 50 percent

higher than in nonmedical schools. For departments of medicine,

the mean equipment investment per researcher was $15,000. Mean

aggregate equipment cost per doctoral degree awarded in 1982-83

in the biological sciences was $143,500, but for medical schools

that cost was more than twice as much as for nonmedical schools.

10-3
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Private institutions had higher investments per researcher and

per graduate degree than public institutions,

State-of-the-art instruments constituted 18 percent of

the national stock in 1983, although the percentage was larger

in private institutiors than public institutions. Another 65

percent were in active research use, although not classified as

state-of-the-art. Instruments that were not in active use

because of technological obsolescence or inoperable mechanical

condition, but that were still physically present at the insti-

tution, constituted another 16 percent of the national stock.

Departments of medicine, however, had twice as large a percentage

of obsolete or inoperable instruments on rhei:: imentories as

the biological sciences.

10.4 Age and Condition of Academic Research Equipment

For all instruments.in the national stock, 44 percent

were from one to five years old, and 27 percent were over 10

years old. Omitting the inactive systems from considLration,

the proportion of instruments aged 1 to 5 years was 50 percent,

and 22 percent were over 10 years old. For instrument systems

that were in active research use, departments of medicine had a

higher proportion of newer instruments than did the biological

sciences, and private institutions had a higher proportion

than public institutions. Instruments in the biological sciences

were somewhat older than those in other fields of science.

Most of the state-of-the-art instruments in 1983 were

relatively new. Fifty percent of instruments purchased in 1983

were state-of-the-art, but of those purchased two years earlier

(in 1981), oaLy 37 percent were still considered state-of-the-

art. Six-year-old instruments were classified as state-of-the-

art only 13 percent of the time. Altogether, 85 percent of the
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state-of-the-art instruments were from 1 to 5 yeas old, and

only 3 percent were over 10 years old.

About half of all instrument systems actively in use

for research were in excellent working condition. As would be

expected, there is a relationship between working condition and

age of the instrument. Thus 78 percent of instruments from 1 to

3 years old were in excellent condition; of the instruments 4 to

6 years old, 57 percent were in excellent condition; and of

those 10 to 12 years old, only 26 percent were rated as excellent.
Accompanying this decline in operating condition with age of

instrument was the "retirement" of instruments as they got older.

In the biological sciences, 60 percent of instruments that were

inactive (presumably because of mechanical or technological

obsolescence) were over 10 years old.

Of the state-of-the-art systems, which were relatively

new, 85 percent were considered to be in excellent condition.

Only 44 percent of those not considered state-of-the-art were in
excellent condition, however. These "other" systems were con-

siderably older and they constituted nearly 80 percent of all

equipment in active use.

A substantial amount of other than state-of-the-art

equipment is to be expected. Much of laboratory research does

not require the most advanced instrumentation. A problem arises,

however, when investigators using non-state-of-the-art equipment

do not have access to more advanced equipment when needed. This

problem was found frequently; nearly half of the non-state-of-

the-art instruments in research use were the most advanced

instruments of their kind to which users had access. This

situation is an obstacle for investigators attempting to engage
in more sophisticated research. The entire research effort in

the biological sciences is hindered when problems such as

10-5
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mechanically unreliable equipment and lack of access to advanced

instrumentation become prevalent.

10.5 Funding of Equipment in Active Research Use

Almost all research instruments (9410 in the biological

sciences and departments of medicine were acquired new. Sources

of funding were evenly split between Federal and non-Federal

sources for the biological sciences, but for departments of

medicine, nearly two-thirds of the funds came from non-Federal

sources. For private institutions, a larger proportion of equip-

ment funds came from Federal sources than was the case for public

institutions.

NIH was the principal source of Federal funds for

acquisition of research equipment in the biological and medical

sciences, contributing 44 percent of all funds for medical schools

and 31 percent for graduate schools. NSF was the only other

major Federal source, contributing more to graduate schools

than to medical schools. The institutions were the major source

of non-Federal funds. State governments and private foundations

gave only small amounts for research equipment. The amount

contributed by business and industry for equipment was negligible.

NIH funds, while accounting for 38 percent of all

equipment purchases, contributed 47 percent of the support for

purchases of instruments in the $10,000 to $25,000 range, but

only 28 percent of the dollar support for existing equipment

costing $75,000 or more. Institutions, however, which contributes

37 percent of all funds for equipment, purchased 31 percent of

the instruments costing under $25,000 and 41 percent of those

costing $75,000 or more. NSF-supported purchases for equipment

foil.wed the same pattern as that for institutions.
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Sixty percent of all biological science instruments

received full or partial Federal funding, compared to 48 percen

of those in departments of medicine.

0.6 Location and Use of Academic Research Equipment

t

About 65 percent of all equipment in the biological

sciences and 70 percent in departments of medicine was located

in the laboratories of individual investigators. The remainder

was in inherently shared-access facilities, mostly department-

managed common laboratories. Costly instruments were frequently

located in the inherently shared-access facilities; this held

true to a greater extent for graduate schools than for medical

schools, and for public institutions than for private institutions

Older instruments were also more likely to be located in inherentl

shared-access facilities.

Location of instruments within laboratories of individual

investigators did not necessarily mean that they were not shared.

The mean number of users of all instruments was 11 per instrument.

The large majority of instrument systems were available for

general purposes, as opposed to being dedicated for specific

experiments. For these general purpose instruments, the mean

number of users was almost 12 per instrument.

About 95 percent of all instruments in the biological

sciences were used by faculty within the same department, and 85

percent were also used by graduate students, medical students,

and postdoctorates from the departments. Additionally, 36 percent

were used by faculty from other departments in the institution.

Researchers from other universities and nonacademic researchers

used the more costly instruments far more frequently than the

lower-cost ones; this held true also for researchers from other

departments at the same institution.

10-7
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The average instrument in an investigator's laboratory

is freely accessible to other research investigators, as evi-

denced by the numbers of users and the origins of users. From

this conclusion, together with the 35 percent of all instruments

located in facilities that are -- by their very nature -- shared-

access, it is evident that sharing of research equipment is

common in academic facilities.

10.7 Maintenance and Repair

Nearly 50 percent of department/facilities heads assessed

their maintenance and repair (MSR) facilities as either insuffi-

cient or nonexistent. Overall, only 16 percent regarded their

facilities as excellent. In private institutions, however, 30

percent rated their facilities as excellent, compared to 9 percent

for public institutions.

M &R expenditures in FY 1983 were $35.7 Lallion, which

amounted to 22.5 cents spent for MR in that year for every dollar

spent to acquire new equipment.

The mean expenditure per department for MGR in FY 1983

was $30,200. Nearly two-thirds of that expenditure was used for

outside services, i.e., service contracts or field services as

needed.

For instruments in research use during 1983 the mean

M&R expenditure was $1,100. Instruments that were from 1 to 5

years old, however, had a mean MSR expenditure of $900, compared

to over $1,300 for those more than 5 years old. The original

purchase cost of instruments gave rise to the largest differences

in mean M &R expenditures: for those costing 'der $25,000 the

mean M &R outlay was $700 in 1983; for those mating between
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$25,000 and $74,999 it was $1,400; and for those costing between

$75,000 and $1 million the mean 1983 expenditure for M&R was

$6,300.

Service contr.cts cost an average of $2,3u0 per instru-

ment, compared to $700 for field service and less for other means

of servicing. They were used to maintain 39 percent of the

instruments. An additional 27 percent of the instruments were

given field service as needed. Research personnel and university-

based M&R staff performed this service for 18 percent of the

instruments. The remaining 17 percent neither had service con-

14.cts nor required M&R in 1983.

10.8 Group Comparisons

Thus far, findings have been summarized with respect

to topic areas. In addition, numerous differences were observed

among groups of institutions, among subfields of research within

the biological and medical sciences, and between the biological

sciences and the other fields Of science encompassed in the

larger two-year study of academic research equipwent. These

group comparisons are briefly summarized here.

10.8.1 Differences Among Institutions

(1) Medical and graduate (nonmedical) schools. Levels

of investment in research instrumentation were substantially

higher for medical schools than for other academic institutions.

For all indices examined -- equipment per institution, per instru-

ment, per faculty-level researcher, per doctoral degree awarded --

medical schools had larger instrumentation investments, both

aggregate and current, than graduate (nonmedical) schools.

10-9
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(2) Private and public institutions. Privately con-
trolled institutions consistently showed an advantage over public
institutions on a number of important dimensions. Their research
instruments generally cost more, were newer, and were better
able to meet research needs. Private institutions also had
better maintenance facilities.

10.8.2 Differences Among Subfields of Research in the
Biological Sciences

Certain subfields of research stand out from the others
in some characteristics. A brief summary of major differences
follows.

. Biochemistry had the largest number of instruments
costing over $10,000 -- nearly 4,500. It also had a higher

proportion of instruments funded by Federal agencies than any
other subfield.

. In many respects, molecular/cellular biology

appeared to be the best equipped research subfield. It had the
second largest number of instrumeilts, 2,900. In percentage of
instruments in excellent working condition, it ranked very high.
Department heads in this discipline were more satisfied with the
quality of their current instrumentation than in any other sub-
field. Equipment expenditures per faculty researcher in 1983
exceeded by a large amount those for all other disciplines.

. Anatomy and pathology were two of the smaller

subfields in numbers of instruments. They had the highest costs
per instrument, $32,000 and $3,1,000 respectively. Both subfields,
particularly anatomy, also had unusually high -proportions of
instruments over 10 years old in active research use.
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Zoology, botany, and food/nutrition were disciplines

round almost entirely in nonmedical subdivisions of universities.

They were the three subfields with the smallest numbers of instru-

ments. Very high proportions of department heads stated that

critical experiments could not be performed in these disciplines

because they lacked appropriate instrumentation. Food/nutrition

had the lowest cost per instrument ($22,000) of any subfield,

the poorest maintenance, and had, by far, the lowest percentage

of Federal funding for its equipment.

10.8.3 Differences Between Departments of Medicine and

Biological Science Fields

Departments of medicine, included in the survey as an

experiment to assess the feasibility of obtaining Instrumentation

indicators for medical (clinical) sciences, apparently can pro-

vide data on samples of research instruments as easily as the

biological sciences. With respect to Department/Facility Ques-

tionnaires, however, it was learned that some of the larger,

more diverse departments of medicine had difficulty in assembling

expenditure, funding, and needs data for all the clinical fields

subsumed within their jurisdictions. A better approach to

collecting such data might be to go directly to each of the

component clinical programs or subunits of departments of medicine.

For most of the analyses performed in this report,

departments of medicine (and presumably, the clinical sciences)

had somewhat different results than the biological sciences.

Departments of medicine apparently retired instruments at an

earlier age than did the biological sciences. Within medical

schools, the average costs of equipment per researcher were

nearly twice as large for the biological sciences as for depart-

ments of medicine. This difference on an index of equipment

intensity is probably a function of the kinds of research performed

10-11
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by physician-researchers in clinical departments, compared with
those in the basic biological sciences. WhEreas over half of

the funds for purchase of equipment in the biological sciences

came from Federal agencies, 38 percent of equipment funds came

from those sources for departments of medicine. The difference

was made up by institutional funds, indicating a possible difference

in institutional resources between the clinical and biological

sciences. Department!. of medicine also had better maintenance

and repair facilities than the biological sciences.

10.8.4 Differences Between Biological Sciences and Other

Fields of Science

The biological sciences differed from the other fields

of science addressed in the survey. They accounted for 38

percent of the instruments in all the fields surveyed; the next

largest field was the physical sciences, with 25 percent of all

instruments. The mean cost per instrument in the biological

sciences was $27,000, compared to $41,000 for the physical sciences
and $35,000 for engineering. Instruments in the biological

sciences were somewhat older than those in other fields, but

fewer instruments in the national stock in biology were techno-

logically or mechanically obsolete. The average instrument in

the biological sciences was used by somewhat fewer investigators

than was the case in other fields. The funding pattern for the

biological sciences was unlike that for any other field, because

of the prominence of NIH as a funding source in the biological

sciences: NIH directly contributed 39 percent of the costs of

all academic instrumentation in this field.
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COMPARISON TABLES FOR ALL FIELDS
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TABLE A-1

NUMBER OF DEPARTMENTS AND FACILITIES AND PERCENT REPORTING IMPORTANT SUBJECT AREAS IN
WHICH CRITICAL EXPERIMENTS CANNOT BE PERFORMED DUE TO.LACK OF NEEDED EQUIPMENT BY FIELD III

TOTAL, SELECTED FIELDS

FIELD OF RESEARCH

NUMBER OF
DEPARTMENTS/FACILITIES

PERCENT REPORTING INABILITY
TO CONDUCT CRITICAL

EXPERIMENTS DUE TO LACK
OF NEEDED EGUIPMENT

2807 74

AGRICULTURAL SCIENCES 241

BIOLOGICAL SCIENCES. TOTAL 1138

83

39

GRADUATE SCHOOLS

MEDICAL SCHOOLS

550

588

60

58

ENVIRONMENTAL SCIENCES 235 63

PHYSICAL SCIENCES 367 89

ENGINEERING 652 90

COMPUTER SCIENCE 89 95

MATERIALS SCIENCE 19 100

INTERDISCIPLINARY, N.E.C. 65 76

(13 ALL STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 157 LARGEST R & D
UNIVERSITIES AND THE 92 LARGEST R r D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES). ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL OTHER FIELDS. ESTIMATES ARE AS OF DECEMBER 1982.
SAMPLE IS 897 DEPARTMENTS AND FACILITIES.

1

834

00
..--1

00



EARLE A-2
DEPARTMENT/FACILITY ASSESSMENT OF ADEQUACY OF AVAILABLE RESEARCH INSTRUMENTATION. BY FIELD

.

PERCENT OF DEPARTMENTS /FACILITIES
ASSESSINC INSTRUMENTATION AVAILABLE TO
TENURED FACULTY AND EQUIVALENT PA... AS;

TOTAL EXCELLENT ADEQUATE INSUFFICIENT
. .

PERCENT OF DEPARTMENTS /FACILITIES
ASSESSING INSTRUMENTATION AVAILABLE TO

UNTENURED FACULTY AND EQUIVALENT P.1.'s AS1

TOTAL EXCELLENT ADEQUATE INSUFFICIENT

TOTAL. SELECTED FIELDS 100% 110 53% 36% 100% 100 47% 43%

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 100% SZ 47% 44% 100% OX 39% 520

010LOGICAL SCIENCES. TOTAL 1000 IS; 59% 260 100% 152 532 320

D:.

I

cr%

GRADUATE SCHOOLS 1000 14; 48% 39% 100% 13% 420 430

MEDICAL SCHOOLS ' 100% 16; 69% 150 100% 130 63% 220 CO
.--1

ENVIRONMENTAL SCIENCES 100% 10; 660 25% 100% 100 54% 360 CC3.

PHYSICAL SCIENCES 100% 4; 540 42% 100% !X 09% 49%

ENGINEERING 1000 92 420 500 100% 6X 37% 57%

COMPUTER SCIENCE 100k 2% 530 450 100% 2X 520 1460

MATERIALS SCIENCE 100% 27; 580 130 100% 200 35X 452

INTERDISCIPLINARY. H.E.C. 1000 30% 73% 37X 100% 32% 30% 37X

II, ALL STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 157 LARGEST R t D UNIVERSITIES AND THE 92 LARGEST R L D MEDICAL SCHOOLS

IN THE NATION. FOR PHASE II YIELDS IAGRICULFURAL BIULHOCAL ANO ENVIRONMENTAL SCIENCES). ESTIMATES ARE AS OF DECEMBER 1983. FOR

ALL OTHER 'Mos. ESTIMATES ARE AS OF DECEMBER 190?. SAMPLE IS 897 DEPARTMENTS AND FACILITIES.

885



TABLE A 3

DEPARTMEP'/FACILITY RECONMENCI,TIONS FOR INCREASED FEDERAL SUPPORT FOR RESEARCH INSTRUMENTATION,DY FIELD (12

PERCENT OF DEPARTMENTS/FACILITIES
RECOMMEND1011 AS TOP PRIORITY AREA FOR INCREASED
FEDERAL SUPPORT OF ACADEMIC RESEARCH EQUIPMENT:

TOTAL

TOTAL. SELECTED FIELDS 100%

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 100%

BIOLOGICAL SCIENCES, TOTAL 100%

GRADUATE SCHOOLS 100%

MEDICAL SCHOOLS 100%

ENVIRONMENTAL SCIENCES 100%

PHYSICAL SCICIICES 100%

ENG'NEERING 100%

COMPUTER SCIENCE 100%

MATERIALS SCIENCE 1007.

INTERDISCIPLINARY, N.E.C. 100%

SYSTEMS IN SYSTEMS IN LAS
LACE $30,000- $10,000- EQUIPMENT
SCALE $1.000.000 $30400 UNDER

FACILITIES RANGE RANGE $10,000 OTHER

2X 26% 61% 10% I%

6% 79X 13%

20% 66X 13'. 2%

21% 63% 13% IX

19% 69% 10% 2%

67. 36% 34X 2% 2%

117. 437. 44% 6%
12%

37. 20. 60X 9%

25% 75X

837. 17%

48% 43X 7%

Cl) ALL STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING
THE 157 LARGEST R 6 D UNIVERSITIES AND THE

92 LARGEST R & D MEDICAL SCHOOLS IN THE NATION. FOR PHASE 11 FIELDS (AGRICULTURAL. BIOLOGICAL ANO
ENVIRONMENTAL SCIENCES). EStIMA7Es ARE AS OF DECEMBER 1983. FOR ALL OTHER FIELDS, ESTIMATES ARE AS
OF DECEMBER 1982. SAMPLE 15 897.DEPARTMENTS AND FACILITIES.

$386

00
000
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TABLE A-4
TOTAL AMOUNT AND COST OF ACADEMIC RESEARCH INSTRUMENTATION IN NATIONAL
STOCK. By FIELD (I]

(DOLLARS IN TrIOUSANDS3

NUMBER AND
PERCENT OF
INSTRUMENT
SYSTEMS

AOGREGATE
PURCHASE COST MEAN PURCHASE
AND PERCENT COST PER

OF COST SYSTEM

TOTAL. SELECTED FIELDS 46738 11630780 135
100% 100%

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 1954 42599 22
4% 3%

BIOLOGICAL SCIENCES. TOTAL 17618 471288 27
38% 29%

GRADUATE SCHOOLS 7290 186272 26
16% II%

MEDICAL SCHOOLS 10328 280016 28
22% 17%

ENVIRONMENTAL SCIENCES 2679 126231 47
6% 8%

PHYSICAL SCIENCES 11644 481881 41

25% 30%

ENGINEERING 9425 333613 35
20% 20%

COMPUTER SCIENCE 1115 60026 54
2% 4%

MATERIALS SCIENCE 731 37120 El
2% 2%

INTERDISCIPLINARY. N.E.C. 1571 78022 20
37. 3%

(II ALL STATISTICS ARE NATIONAL ESTIMATES ENcOPASS:NG THE :17 LARGEST R
UNIVERSITIES AND THE 92 LARGEST R S D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. OIOLOGICAL AND StivIROMIENTA SC1E4 :ES,, ESTIMATES AaE
AS OF DECEMBER 1983. FOR ALL CTHER FIELDS. ESTIMATES ARE AS OF CEcENBER 1923.
SAMPLE IS 8704 INSTRUMENT SYSTEMS.

A-8
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TABLE A-3

DISTRIBUTION OF AGGREGATE :CSTS OF ACADEMIC RESEAFC. INSTPX.E4T SYSTEMS IN
NATIONAL STOCK. BY SYSTEM PURCHASE COST AND SY FIELD t:)

(DOLLARS IN MILLIONS)

TOTAL. SELECTED FIELDS

FIELD OF RESEARCH

-AGGREGATE PURCHASE COST AND PERCENT OF COST--
:YSTEM PURCHASE COST

910.000- 925.000- 175.000 -
TOTAL 924.999 t74.999 11.000.000

11630.78 1463.77 4320.37 1646.64
100% 2EZ 32% 40%

AGRICULTURAL SCIENCES 42.60 23.33 14.33 4.94
100% 55% 34% 12%

BIOLOGICAL SCIENCES. TOTAL 471.29 107.29 160.13 113.87
100% 42Z 34% 24%

GRADUATE SCHOOLS 186.27 81.04 64.32 40.91
:007. 44% 35% 22%

MEDICAL SCHOOLS 293.02 116.23 95.81 72.96
100% 41% 34% 26Z

ENVIRONMENTAL SCIENCES 126.23 22.24 36.04 67.95
100% IS: 39% 54%

PHYSICAL SCIENCES 481.88 100.21 153.94 227.73
100% 217. 32% 47%

ENGINEERING 333.61 87.46 111.99 132.16
100%, 27% 24% 40%

COMPUTER SCIENCE 60.03 8.54 17.53 33.95
100% :4% 29% 57%

MATERIALS SCIENCE 37.12 5.91 11.06 20.13
100% I6Z 30% 54Z

INTERDISCIPLINARY. N.E.C. 78.02 16.79 15.35 45.88
100% 22Z 20% 59X

CI) ALL STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 157 LARGEST R 1. D
UNIVERSITIES AND THE 92 LARGEST R G D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. BM-CC:CAL AND EGvIRONMENTA6 SCIENCESI. ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL OTHER FIELDS. ESTIMATES ARE AS CF DECEMBER 1982.
SAMPLE IS 8704 INSTRUMENT SYSTEMS.

A-9
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TABLE A-6
RESEARCH STATUS OF ACADEMII RESEARCH INSTRUMENT SYSTEMS IN NATIONAL STOCK. CY FIELD (II

TOTAL

'MIER AND PERCENT OF SYSTEMS
....-.SYSIEM RESEARCH STATUS

....IN RESEARCH USE.--, NOT YET IN
STATE-OF RESEARCH
IHE^.ART OTHER USE

NO LONGER
IN RESEARCH

USE

TOTAL. SELECTED FIELDS 46767 0075 20399 771 9522
100% 17% 61% 21 207E

FIELD Or RESEARCH
.. ....

AGRICULTURAL SCIENCES 1934 437 1215 24 277
100% :21 620 IX 140

BIOLOGICAL SCIENCES. 1,IAL 17633 3:68 11834 124 2406
100% 11% 67% 1 X 14%

GRADUATE SCHOOLS 7300 14:5 4958 32 074

100% 201 600 ISO

30
8r
O

MEDICAL SCHOOLS 10333
100%

1833
101

6076
670

92
I%

1332
ISO

00
00
CO

ENVIRONMENTAL SCIENCES, 2602 310 1600 48 508
100% 19% 600 2X 190

PHYSICAL SCIENCES 11636 172.3 7076 161 2694
100% 130 61% 1X 23%

ENGINEERING 9425 1609 :III 327 2280
100X 113% :4% 3X 24%

COMPUTER SCIENCE 1115 186 692 65 172

100% 17% 62% 6% 13%

MATERIALS SCIENCE 731 116 534 3 70
100% 16% 73% 11%

INTERDISCI. !NARY. N.E.G. 1571 125 329 19 1099

100% 8% 21% 1X 70%

(II ALL STATISTICS ARE NATIONAL ESTIMAIES ENCOMPASSING IRE 157 LARCEs1 R 6 D UNIVERSITIES
AND THE 12 LARGEST 0 6 U MEDICAL ErNOOLS IN THE RATION. FOR rHASC II FIVLOS (AGRICULTURAL.
DIOLOGICAL AND ENVIRONMENTAL SCIENCEST. ESTIMATES ARC AS OF DECEMBER I183. FOR ALL OTHER
FIELDS. ESTIMATES ARE AS Uf DECE9CLh 1902. SAMFLE IS 0704 INSTRUMENT SYSTEMS.

889
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TABLE A-7
AGE OF ACADEnIC RESEARCH INSTRUMENT SYSTEMS im NATIONAL STOCK. 9Y FIELD (13

NUMBER AND PERCENT OF SYSTEMS
SYSTEM AGE mom YR OF FURChASE1(2I

OVER 10
TOTAL 1-3 YEARS 6-10 YEARS YEARS

TOTAL. SELECTED FIELDS 42890 21663 10885 13342
1005 475 245 2%

FIELD OF RESEARCH

AGRICULTURAL SCIENCES MO 1025 313 407
1005 33% 265 21%

810LOGICAL SCIENCES. TOTAL 17343 7760 4963 4812
1005 44% 28% 275

GRADUATE SCHOOLS 7230 3431 1834 1963
1005 472 265 275

REDICAL SCHOOLS 10293 4337 3111 2847
I005 42% 305 28%

EmvIRONNENTAL SCIENCES 2664 1412 660 592
1005 335 EZX 22%

PHYSICAL SCIENCES 11484 5153 2461 386
1005 45% 217. 34%

ENGINEERING 9224 4845 1723 2656
1C05 53% VIM 29%

CONFUTER SCIENCE 1073 869 07 116
100% Blz 85 115

MATERIALS SCIENCE 731 239 113 379
1005 235 155 ZEX

INTERDISCIPLINARY. N.E.C. 1219 346 361 311
1005 255 305 425

(II ALL STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 137 LARGEST R 1 D
UNIVERSITIES AND THE 72 LARGEST R 6 0 MEDICAL SCHOOLS IN THE NATION. FOR FrAct
11 FIELDS (AGRICULTURAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES.. ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL OTHER FIELDS. ESTIMATES APE AS OF DECEMBER 1982.
sAnALE IS 8704 INSTRUMENT SYSTEMS.

(21 FOR PHASE II FIELDS. AGE INTERVALS ARE I-3 YEARS 11979-8211 6-10 TEARS
(197407811 OVER 10 YEARS 11973 CR 5EFOREI. FOR PHASE I FIELDS INTERVALS ARE
1-3 YEARS 11978-821: 6-10 YEARS .1973-77): OVER 10 YEARS .1972 OR ()Um,.

89.0
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TABLE A-8
AGE OF ACADEMIC INSTRUMENT SYSTEMS IN RESEARCH USE. BY FIELD t1I

NUMBER AND PERCENT OF IN-USE SYSTEMS
SYSTEM AGE )FROM YR OF PURCHASE)C2I

TOTAL
OVER 10

1-5 YEARS 6-10 YEARS YEARS

TOTAL, SELECTED FIELDS 36350 19419 8757 8174
100% 53% 24% 22%

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 1653 922 447 2E3
100% 58% 27% 1ZZ

BIOLOGICAL SCIENCES. TOTAL :2055 7416 4242 3396
100% 49% 28% 23%

GRADUATE SClOCLS 6372 3323 1602 I447
100% 38% 23% 23%

MEDIL..L,ECHOOLS 8683 4093 2641 1949
:007 47% 30% 22%

ENVIRONMENTAL SCIENCES 212.3 1217 546 361
100% 57% 26% I7Z

PHYSICAL SCIENCES 8763 4631 1872 2260
100% 23% 21% 26%

ENGINEERING 6777 3969 1299 1509
100% 59% 19% 22%

COMPUTER SCIENCE 874 813 51 10
100% 93% 6% 1%

MATERIALS SCIENCE 650 235 103 312
100% 26% 16% 48%

INTCMDISCIPLINARY, N.E.C. 434 195 196 73
100% 41% 13% 16%

[17 ALL STATISTICS ARE NATIONAL ESTIMATES ENCCIIPASSINC. THE 157 LARGEST R L D
UNIVERSITIES AND THE 92 LARGEST 9 L D MEDICAL 5 :HTCLS IN THE NATION. FOR 9HASE
II FIELDS IAGRICULTURAL. BIOLOGIIAL ND ENTIRCNMENTA6 SCIENCES, ESTIMATES ARE
AS OF DECEMBER 1953. FOR ALL OTHER FIELDS, ESTIMATES ARE AS OF DECEMBER 1982.
SAMPLE IS 6985 INSTRUMENT SYSTEMS.

I2I FCR PHASE II FIELDS. AGE :NTERVALS ARE :-5 YEARS 11979-83); 6-10 YEARS
(1974-781: OVER 10 YEARS t1973 OR BEFORE/. FOR PHASE I FIELDS LUTERLALS ARE
1-5 YEARS 11979-82): 6-10 TEARS II973-771: OVER 10 TEARS 11972 OR BEFORE/.

A-12
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TABLE A...9

PERCENT OF IN -USE RESEARCH INSTRUMENT SYSTEMS IN EXCELLENT WORKING
CONDITION, BY SYSTEM RESEARCH STATUS AND BY FIELD Ell

PERCENT OF SYSTEMS IN
EXCELLENT WORKING CONDITION

TOTAL

TOTAL. SELECTED FIELDS

FIELD OF RESEARCH

32%

RESEARCH STATUS
STATE-:IF-THE-. OTHER IN-USE
ART SYSTEMS SYSTEMS

84% 43X

AGRICULTURAL SCIENCES 56% 81% 47X

BIOLOGICAL SCIENCES. TOTAL 33% 86X 44X

GRADUATE SCHOOLS 33% 90X 44X

MEDICAL SCHOOLS 52% 82X 44%

ENVIRONMENTAL SCIENCES 50% 82X 40X

PHYSICAL SCIENCES 52% 84X 44X

ENGINEERING 31% 85% 40X

COMPUTER SCIENCE 36% 89X 47X

MATERIALS SCIENCE 32% 74% 23%

INTERDISCIPLINARY. N.E.C. 44% 387. 397.

Ell ALL STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 137 LARGEST R & D
UNIVERSITIES AND THE 92 LARGEST R . D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES). ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL OTHER FIELDS. ESTIMATES ARE AS OF DECEMBER 1982.
SAMPLE IS 6985 INSTRUMENT SYSTEMS.

8'12
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TABLE A-I0

RESEARCH FUNCTION CF ACADEMIC INSTRUMENTATION THAT IS USED FOR RESEARCH BUT
IS NOT STATE-OF-THE-ART. 5Y FIELD CII -

NUMBER AND PERCENT OF NON
STATE-OF-THE-ART SYSTEMS

TOTAL

TOTAL. SELECTED FIELDS

FIELD OF RESEARCH

29335
100X

RESEARCH FUNCTION
THE MOST ADVANCED USED FOR RESEARCH
INSTRUMENT TO BUT MORE ADVANCED

WHICH ITS USERS EQUIPMENT IS AVAIL-
HAVE ACCESS ABLE WHEN NEELED

13172 15163
46X 54X

AGRICULTURAL SCIENCES 1215 681 535
1002 56Z 44;

BIOLOGICAL SCIENCES. TOTAL 11804 1076 6720
1002 43Z 57Z

GRADUATE SCHDCLS 4940 2158 2702
1002 44; 56Z

MEDICAL SCHOOLS 6864 2910 3945
1002 43Z 57;

ENVIRONMENTAL SCIENCES 1593 756 841
1002 47; 53Z

PHYSICAL SCIENCES 7067 3470 3598
1002 49Z 01Z

ENGINEERING 5097 2536 2561
100% 50% IC%

COMPUTER SCIENCE 692 351 341
100Z SIX 49%

MATERIALS SCIENCE 534 104 3:0
1002 35Z 6:y

INTERDISCIPLINARY. N.E.C. 329 118 211
1002 36% 64Z

CII ALL STATISTICS ARE NATIONAL ESTIMATES EI.CCMAASSI4O YNE 157 LARGEST 0 & D
UNIVERSITIES AND THE 92 -MODEST R I, 0 MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES4. ESTIMATES ARE
AS OF DECEMBER 1993. FOR ALL OTHER FIELDS. ESTIMATES ARE AS OF DECEMBER 1902.
SAMPLE IS 5393 INSTRUMENT SYSTEMS.

A-3 4



TABLE A-22
SOURCES OF FUNDS FOR ACQUISITION OF IN-USE ACADEMIC RESEARCH EQUIPMENT. BY FIELD (I)

(DOLLARS IN MILLIONS)

TOTAL TOTAL NSF

ACQUISITION

NIH

COST AND PERCENT OF COST
SOURCE OF FUNDS

FEDERAL
DOD DOE NASA USDA OTHER

UNIV.
FUNDS

STATE
GOVT.

BUSI-
NESS OTHER

TOTAL. SELECTED FIELDS $1178.0 1640.3 $230.8 $176.5 5103.9 $63.1 $30.8 15.0 130.2 $371.5 $62.5 $43.2 $61.5
1002 542 202 152 92 52 32 32 322 52 42 52

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 36.1 7.8 1.7 2.3 0 .3 .3 2.7 1.5 27.8 6.7 1.8 2.1
1002 212 52 42 12 12 72 42 492 282 52 62

BIOLOGICAL SCIENCES. TOTAL 381.3 298.5 35.3 249.7 2.2 3.5 .4 2.9 5.5 131.2 18.6 6.5 26.3
1002 3e5 9% 397 17 17 IX 342 52 22 75

GRADUATE SCHOOLS 256.2 80.6 24.: 48.9 2.0 .7 .4 2.7 3.5 48.2 23.0 4.3 10.0

3:.

2002 522 162 315 12 - 12 22 312 82 32 62

I

I- MEDICAL SCHOOLS 225.2 117.9 10.8 100.8 2.2 2.9 0 .2 2. , 83.0 5.5 2.3 16.4
LM 1002 522 52 452 12 IS - 22 22 72

ENVIRONMENTAL SCIENCES 92.3 45.7 16.5 .5 6.6 8.2 5.4 0 0.5 27.3 7.2 8.4 3.5
1002 502 202 72 92 62 92 302 82 92 42

PHYSICAL SCIENCES 331.9 229.1 116.2 19.5 32.3 33.0 22.3 .1 5i72 92.2 6.6 4.1 20.0
:502 652 332. 62 92 92 62 262 22 12 62

ENGINEERING 218.9 206.4 35.1 2.7 45.8 14.4 2.2 .3 5.8 78.5 23.5 13.1 7.4

1002 492 162 12 212 72 IX 32 36% 6% 62 32

COMPUTER SCIENCE 46.9 22.5 10.8 .3 9.1 .3 0 0 1.0 12.5 4.9 7.7 2.2

1002 462 235 12 192 12 22 25% 102 16% 32

MATERIALS SCIENCE 34.2 24.3 13.5 .7 5.4 3.4 0 0 1.3 6.0 2.6 .6 .6

1002 712 402 25 262 102 42 282 85 22 22

INTERDISCIPLINARY, N.E.C. 16.6 7.0 1.8 1.9 2.4 0 0 0 .9 6.8 1.5 .9 .4

1002 422 112 225 152 52 422 92 6% 22

III 0.14 STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 257 LARGEST R 6 0 UNIVERSITIES AND THE 92 LARGEST R t, D

MEDICAL JCHOOLS IN THE NATION. POR PHASE II FIELDS (AGRICULTURAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES/. ESTIMATES
ARE AS OF DECEMBER 1903. FOR ALL OTHER FIELDS, rArtnAyli pejo OF DECEMBER 2982. SAMPLE IS 6985 INSTRUMENT SYSTEMS.
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TABLE A-I2
FIELDS RECEIVING FUNDING SuFFORT FOR ACQUISITION CF

TOTAL TOTAL NSF

IN-USE RESEARCH EQUIPMENT. BY SOURCE OF FUNDS [I/

[DOLLARS IN MILLIONS]

ACQUISITION COST AND PERCENT OF COST
SOURCE OF FUNDS

FEDERAL UNIV. STATE
NIH DOD DOE NASA USDA OTHER FUNDS GOVT.

BUSI-
NESS OTHER

TOTAL. SELECTED FIELDS 41178.0 4640.3 4230.8 4176.3 4103.9 463.1 430.8 15.0 430.2 4371.5 461.5 443.2 461.5

1000 100x 100X 100x 100x 100x 100x 100x 100x 100x 100x 1000 100x

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 36.1 7.8 1.7 I.3 0 .3 .3 2.7 1.3 17.8 6.7 1.8 2.1

30 Ix lx lx lx 54x Sz Ox liz 4x 30

BIOLOGICAL SCIENCES. TOTAL 301.3 198.3 35.3 149.7 2.1 3.3 .4 1.9 0.5 131.2 18.6 6.5 26.3

32x 31x 15x 83x 2X ex lx 37x 18x 33x 30x 130 43x

GRADUATE SCHOOLS 136.1 80.6 24.3 48.9 1.0 .4 1.7 3.5 48.2 13.0 4.3 10.0

130 13x 11X 28x ix lx lx 34x liz 13x 21x 10x Iez 00
00

MEDICAL SCHOOLS 221.2
190

117.9
18%

10.8
5X

100.8
572

1.2
ix

2.9
5X

0 .2
3x

2.1
7x

83.0
22x

5.3
9x

2; 16.11:;01 CD

6141110NmENTAL SCIENCES 92.3 45.7 16.3 .3 6.6 8.2 3.4 0 8.5 27.5 7.2 e.4 3.5
80 70 70 60 130 fez 280 70 12X 190 60

PHYSICAL SCIENCES 351.9 229.! 116.1 19.5 32.3 33.0 22.3 .1 5.7 92.2 6.6 4.1 20.0

300 36x ZOX liz 31% 52x 73x 2x 19x 25x itz 10x 32x

ENGikEERNG 218.9
190

106.4
17x

33.1
15x

2.7
2x

45.0
440

14.4
23x

2.2
7% .74 7M

If li.I
30x 1

7.4

CCN.°iiTER SCIENCE 46.9 21.5 10.8 .3 9.1 .3 0 0 1.0 11.5 4.9
7

1.a

4: 3x 5% - 9x 3% 3x Ox 6; 2x

MATERIC.S SCIENCE 34.1 24.3 13.5 .7 5.4 3.4 0 0 1.3 6.0 2.6 .6 .6

3x 40 ex 5x 3x 4x 2x 4x ix IX

INTERDISCIPLINARY. N.E.C. 16.6 7.0 1.8 1.9 2.4 0 0 0 .9 6.8 1.5 .9 .4

IX IX IX IX 2X 3% 2X 2% 2x Ix

[1] ALL STATISTICS ARE NATIONAL ESTIMATES ENCOnFASSING THE 157 LARGEST R t D UNIVERSITIES AND THE 92 LARGEST R t D
MEDICAL SCHOOLS IN THE NAt1Do. FOR FmASE II FIELDS sAGRICuLTuRAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES]. ESTIMATES
ARE AS OF DECEMBER 1983. FOR ALL OfNER FIELDS. ESTIMATES ARE AS OF DECEMBER 1982. SAMPLE IS 6985 INSTRUMENT SYSTESIS.
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TABLE A-.I3

FEDERAL INVOLVEMENT IN FUNDING OF IN -USE ACADEMIC RESEARCH INSTRUMENT
SYSTEMS, BY HELD 11)

TOTAL

PERCENT DF SYSTEMS
FEDERAL FUNDING INVOLVEMENT-
ND PARTIAL 100%

FUNDING FUNDING FUNDING

TOTAL, SELECTED FIELDS 1007. 38% 18% 44%

FIELD DF RESEARCH

AGRICULTURAL SCIENCES 1007. 72% 10Z isz
BIOLOGICAL SCIENCES. TOTAL 100% 40% 12% 49%

GRADUATE SCHDDLS 100% 41% 14% 45%'5.
I

I- MEDICAL SCHOOLS 1007. 39% 107. 51%.1

ENVIRONMENTAL SCIENCES 100 437. 187. 387.

PHYSICAL SCIENCES 100Z 24% 27% 49%

ENGINEERING 1007. 43% 20% 37%
1

COMPUTER SCIENCE 100% 427. 29% 29%

MATERIALS SCIENCE 100% 13% 32% 55%

INTERDISCIPLINARY. N.E.C. 1007. 50% 27% 237.

(1) ALL STATISTICS ARE NATIRNAL FSIIMATES ENCOMPASSING THE 157 LARGEST R Tx D
UNIVERSIIIES AND THE 92 LAT0EST R b D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. ElpLUGICAL AND ENVIRONMENTAL SCIENCES). ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL TIM M: rILLDS, ESTIMATES ARE AS DF DECEMBER 1982.
SAMPLE IS !,98* INSTRUMENT SYSTEMS.

r 806



TADLC A.,4
LOCATION 01 111-USE ACADEMIC RESEARCH INSTRUMENT SYSTEMS. DY FIELD (11

TOTAL
.

NUMBER AND PERCENT OF SYSIEMS
LOCATION

LAD OF IIAT'L OR NONDEPART- DEPARTMENT
INDIVIDUAL REGIONAL MENIAL MANAGED

P. I. LAD FACILITY COMMON LAB
-

OTHER
SHARED
ACCESS

IOTAL. SELFCIED FIELDS 36212 21390 484 2340 11466 532
100% 59X IX 6X 32% IX

FIELD OF RLSEARCN

AGRICULTURAL SCIENCES 1631 1037 12 61 504 IS
1000 64% IX 4% 3IA I%

BIOLOGICAL SCIENCES. 101AL 15016 9739 10B 483 4641 45
1000 657. IX 3% 31X

GRADUAIF SCHOOLS 6353 4168 62 223 1871 29
100% 660 IX 4% 290

00MEDICAL SCHOOLS 0663 5571 46 260 2770 16 CO
100X 640 IX 3X 320 1,-,

ENVIVONNENIAL SCIENCES 2083 1000 36 200 500 BB
100% 520 3% 13% 2BX 4X

PHYSICAL SCIENCES 8731 5708 196 546 2118 163
100% 65% 2X 6X 24% 2X

ENGINEERING 6777 3412 56 430 2673 205
100% SOX IX 6% 39X 3X

COMFUIER SCIENCE B7B 170 2 122 573 11
100% I9X 14% 65% IX

MAICRIALS SCIENCE 642 121 37 309 176 0
100X ISO 6% 48X 27% -

INIENDISCIPLINARY. N.E.C. 454 124 17 109 203 2
100% 27% 4% 24% 45% -

III ALL 31411SIICS ARE NAI IONAL ESTIMATES ENCOMPASSING THE 157 LARGEST R G D UNIVERSITIES
AND TUE 92 LARGEII R 6 0 MCDICAI. SCHOOLS IN THE NATION. FOR PHASE II FIELDS (AGRICULTURAL.
SIOLOGICAL AND ENVIRUNMENIAL SCIENCCSI. ESTIMATES ARE AS OF DECEMBER 1983. FOR ALL OTHER
FIELDS. ESTIMATES ARE AS nr DECEMBER 1982. SAME IS 6985 INSTRUMENT SYSTEMS.

1
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TABLE A-I3
RESEARCH FUNCTION OF IN-JSE ACADEMIC RESEARCH INSTRUMENT SYSTEMS. BY FIELD III

NUMBER AND PERCENT OF SYSTEMS
RESEARCH FUNCTION

DEDICATED
TOTAL MODIFIED NOT MODIFIED

GENERAL
PURPOSE

TOTAL. SELECTED FIELDS 33768 2321 7432 260,4
100% 6% 212 731

FIELD OF RESEARCH

AGRICULTURAL SCIENCES 1602 64 316 1222
1001 41 202 762

BIOLOGICAL SCIENCES. TOTAL 14760 660 1833 12265
1001 41 121 831

GRADUATE IcHooLS 62,2 226 632 5334
1001 4% 111 861

MEDICAL SCHOOLS 8:48 434 1183 6931
100% 51 141 all

ENVIRONMENTAL SCIENCES 2103 189 499 1414
100% 91 241 all

PHYSICAL SCIENCES 8630 771 2604 5255
1001 9% 301 611

ENGINEERING 6724 582 1896 4246
1001 91 281 631

COMPUTER SCIENCE 866 4 140 722
1001 161 831

MATERIALS SCIENCE 637 36 93 506
1001 61 151 791

INTERDISCIPLINARY. N.E.C. 445 16 46 383
1001 41 10% 861

C13 ALL STATISTICS ARS NATIONAL ESTIMATES ENCOMPASSING THE 157 LARGEST R 6 0
UNIVERSITIES AND THE 92 LARGEST R L D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL. BIOLOGICAL AND ENVIRONMENTAL SCIENCES,. ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL OTHER FIELDS. ESTIMATES ARE AS oF DECEMBER 1982.
SAMPLE IS 6985 INSTRUMENT SYSTEMS.

898

A-19



TABLE A -16

MEAN NUMBER OF RESEARCH USERS OF IN -USE ACADEMIC RESEARCH INSTRUMENT
SYSTEMS. BY RESEARCH FUNCTION AND BY FIELE (13

TOTAL. SELECTED FIELDS

FIELD OF RESEARCH

MEAN NUMBER OF RESEARCH USERS (23
'RESEARCH FUNCTION

DEDICATED GENERAL
TOTAL MODIFIED NOT MODIFIED PURPOSE

14.3 7.5 8.4 16.6

AGRICULTURAL SCIENCES 11.0 8.1 6.6 12.0

BIOLOGICAL SCIENCES. TOTAL 11.5 7.9 6.6 12.4

GRADUATE SCHOOLS 12.4 11.0 6.5 13.1
CO3$

r..)

MEDICAL SCHOOLS 10.8 6.3 6.7 11.9 OP
COo

ENVIRONMENTAL SCIENCES 12.4 7.7 6.1 13.3

PHYSICAL SCIENCES 13.5 6.3 8.0 20.6

ENGINEERING 14.1 6.3 10.8 16.8

COMPUTER SCIENCE 32.6 52.6 20.2 58.51

MATERIALS SCIENCE 24.5 27.0 6.8 27.5

INTERDISCIPLINARY. U.E.C. 13.0 19.3 16.8 14.8

(13 ALI STATISTICS ARE NATIONAL ESTIMATES ENCOMPASSING THE 137 LARGEST R & D
UNIVERSITIES AND THE 92 LARGEST H tt D MEDICAL SCHOOLS IN THE NATION. FOR PHASE
II FIELDS (AGRICULTURAL, BIULOGICAI. AND ENVIRONMENTAL SCIENCES). ESTIMATES ARE
AS OF DECEMBER 1983. FOR ALL OTHER FIELDS. ESTIMATES ARE AS OF DECEMBER 1982.
SAMPLE IS 6983 INSTRUMENT SYSTEMS.

(23 FOR PHASE II FIELDS. ESTIMATES ARE OF USERS DURING 1983; FOR PHASE I FIELDS,
ESTIMATES ARE OF USERS DURING 1902.
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APPENDIX II

DEPARTMENT/FACILITY QUESTIONNAIRE



Form Number

895

OMB No. 3145-0067
Expiration Date 9/30/85

NATIONAL SCIENCE FOUNDATION

DIVISION OF SCIENCE RESOURCES STUDIES

NATIONAL SURVEY OF ACADEMIC RESEARCH

INSTRUMENTS AND INSTRUMENTATION NEEDS

DEPARTMENT/FACILITY QUESTIONNAIRE

THIS REPORT IS AUTHORIZED BY LAW (P.L. 96-44). WHILE YOU ARE NOT
REQUIRED TO RESPOND, YOUR COOPERATION IS NEEDED TO MAKE THE
RESULTS OF THIS SURVEY COMMEHENSIVE, ACCURATE, AND TIMELY.
INFORMATION GATHERED IN THIS SURVEY WILL BE USED ONLY FOR
DEVELOPING ST:TISTICAL SUMMARIES. INDIVIDUAL PERSONS, INSTITU-
TIONS, AND DEPARTMENTS WILL NOT BE IDENTIFIED IN PUBLISHED
SUMMARIES OF THE DATA.
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BACKGROUND AND INSTRUCTIONS

In recent years, widespread concern has developed about whether
university research scientists and engineers have sufficient access
to the kinds of equipment needed to permit continuing research at the
frontier of scientific knowledge. To assist the National Science
Foundation and other Federal agencies in setting appropriate equip-
ment funding levels and priorities, this Congressionally mandated
survey is intended to document, for the first time: (a) the amount,
cost, and condition of the scientific research equipment currently
available in the nation's principal research universities, and (b)
the nature and extent of the need for upgraded or expanded equipment
in the major fields of science and engineering.

The survey is being conducted in two phases. The current phase
deals with research equipment in the physical sciences and engi-
neering/computer science. Next year, in Phase II, the emphasis will
be on the biological, environmental, and agricultural sciences.

This Department (or nondepartmental research facility) ques-
tionnaire seeks a broad overview of equipment-related expenditures
and needs in this department (or facility). Items 1-10 (Parts A and
B) are factual in nature and may be delegated to any person or persons
who can provide the requested data. In these sections, informed
estimates are acceptable whenever precise information is not avail-
able from annual reports or other data sources. Items 11-16 (Part
C) call for judgmental assessments about equipment-related research
needs and priorities of the department (or facility) as a whole and
should be answered by the department chairperson (or facility
director) or by a designee who is in a position to make such
judgments. We urge that particular attention be given to item 16,
which asks for this department's (or facility's) recommendations
about needed changes in equipment funding policies and procedures.

This form should be returned by May 30, 1983. Your cooperation
in returning the survey form promptly is very important. Please
direct any questions about this form either to your university study
coordinator or to Hs. Dianne Walsh at Westat, Inc., the NSF con-
tractor for this study (301-251-1500).

2
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1. Institution name,

897

PART A. DESCRIPTIVE INFORMATION

2. Department (or non(epartmental h facility) name:

3. This is at (CHECK ONE)

( 1. Department (CONTIUUK WITH ITCH 4)

I ( 2. Nondepartmental research facility (SKIP TO ITEM 6)

4. Number of doctoral degrees awarded in 19E1-62 academic year to students in
this department:

S. Number of members of this department who participate in ongoing
(do not include graduate students or postdoctorates):

Total number of persons (full-time and part-time)

FTE nukber*of persons

PART II. RESEARCH-RELATED rumor= AND E2rEXDIS0823

h projects

6. Department (or facility) ry 1982 and anticipated FY 1983 expenditures for
scientific research equipment. (SCIENTIFIC RESEARCH EQ1IPMENT IS ANY ITEM
(OR INTERRELATED COLLECTION OF ITEMS COMPRISING A SYSTEM) OF NONEXPENDABLE
TANGIBLE'PROPERTY OR SOFTWARE HAVING A USEFUL LIFE or MORE THAN TWO YEARS
AND AN ACQUISITION COST OF $500 OR MORE WHICH IS USED WHOLLY OR IN PART FOR
RESEARCH. INCLUDE ALL SCIENTIFIC RESEARCH EQU/PMEHT ACQUIRED IN THIS DEPART-
MENT (OR FACILITY) IN FY 1982. FROM ALL SURCES -- FEDERAL. STATE. INSTITU-
TIONAL. INDUSTRIAL. ETC.)

FY 1982 expenditures for scientific research equipment

Anticipated FY 1913 expenditures for scientific
equipment

1n computing number of ryes (full-time equivalents,, persons employed in this
department on less than full-time basis should be counted to reflect their
decimal fraction of full-time equivalency. Examples if department employs
25 pertinent faculty members, 20 full-time and S with half-time appointments,
the rye number is 20 (5 x .5) 22.5.

3
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7. Please provide an approximate breakdown by source of funds for this department's
(or fscilitWs) TY 1982 expenditures and estimated ry 1983 expenditures for
scientific research equipment. (NOTE: ENTRIES IN EACH COLUKM SSCULO SUM TO 100
PERCENT: ESTIMATES ARE ACCEPTABLE.,

.

Source of funds

Percent of expenditures for
scientific research equipment

TY 1982 TY 1983
(anticipated)

a. Federal government

b. Internal university funds

C. State equipment or capital develop-
ment appropriations

d. Private nonprofit foundations/
organisations

e. Business or industry

f. Other (SPECIFY)

TOTAL. ALL FUNDING SOURCES 100 % 100

6. TY 1982 expenditures for purchase of research - related computer services at

On -cam:vs computing facilities

Off-campus computing facilities

9. FT 1962 expenditures for maintenance and repair of all scientific research
equipment in this department (or facility):

Service contracts or field service for maintenance and
repair of individual instruments

Salaries of university maintenance/repair personnel (pro-
rate if perso ..nel do not work full-time in this department/
facility or on servicing of research equipmiDe:

1 Other direct costs of supplies. equipment and facilities
for servicing of research instruments in this department/
facility

Total

10. Are the instrumentation support services :e.g.. machine shop. electronics
shops) at this department or facility: (CHECK ONE)

I_I 1. Excellent

I_I 2. Adequate

I ( 3. Insufficient

I_I 4. Nonexistent

4
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PANT C. ADEQUACY OP AND NEED OCR SCIENTIFIC RESEARCB EQUIPMENT

11. In t.1[211 of its capability tt enable investigators to pursue their major
h interests. is the research equlp.wAt in this department (or facility)

generally: (CHECK ONE :A EACH COLUMN)

Type of investigator

Tenured faculty
(and croivalent

P.I.'8)

Untenured faculty
(and equivalent

P.I.'s)

1. Excellent 1. 1. 11
2. Adequate 2. I I 2. I_I

3. Insufficient 3. 1 1 3. I_I

12. Are there any important subject areas (e.g., recombltaot DNA. mitrocl[cultry,
plasma physics) in which investigators in this department/facility are unable
to perform critical experiments in their arias of research interest due to lack

- of needed equipment?

I_I 1. Yes --m- 12a. What are the top priority subject areas
for expansion/upgrading of presently
available equipment? (SPECIFY UP TO
THREE AREAS)

I1 2. No

13. Assuming future total Federal A support to your department/facility
remains roughly constant at present levels, how - if at all - would your department
(or facility) redistribute its research funds. FOR EACH AREA. PLEASE INDICATE
WHETHER FUNDING SHOULD BE PROPORTIONATELY INCREASED, DECREASED. OR MAINTAINED AT
ABOUT THE PRESENT LEVEL. (NOTE: PROPORTIONATE INCREASES IN ONE OR MORE AREAS MUST
U1 ACCOMPANIED BY CORRESPONDING:DECREASES IN OTHER AREAS. IF THE CURRENT BALANCE
SHOULD BE MAINTAINED.' CHECK *NO CHANGE' COLUMN FOA'ALL AREAS.)

lire& of Federal supporx

a. Faculty !elutes

b. Postdoctorate salaries

c. Graduate student support

d. Yon - professional salaries

e. Equipping of startup labs

f. Equipment purchases (other
than e, above)

g. Equipment maintenance

h. Other (SPECIFY)

Recommended redistribution of h funds

1. I I 2. Decrease I 3. No change

I1
11
I1

.11
1_1

I_I

11
11
1_1

I_I 11 I1
1 1 I1 I_I

1 11 1 1

1_1 1_1 I_I

11 1_1 I_I

5
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14. If greater Federal funding of research equipment were possible, in which area
would increased invostment be most beneficial to investigators in this
department/facility? (CHECK 081)

Li 1. Large scale regional and rational !abilities (large tele-
scopes, reactors, oceanographic vessels, high performance
computers, etc.)

CI 2. Major shared access instrument systems ($50,000-$1,000,000)
not presently available to department/facility members

3. Upgrading/expansion of equipment in 510,000-550,000 range

LI 4. General enhancement of equipment and supplies in labs of
individual P.I.'s (items generally below 510,000)

5. Other (SPECIFY)

15. In the 510,000-51,000,000 cost range, what three items of research equipment
(if any) are most needed at this time in this.departsent/facility?

Item description Approximate cost

16. How could current Federal equipment funding policies and/or procedures be modified
to better meet the research needs of researchers is this department/facility?

17. Please note in the, specs below: (a) any additional information needed to
deseribezthe research equipment and equipment-related needs in this department/
facility, or (b) any suggestions to improve this survey questionnaire.

18. Person who prepared this submissions

HIE AND TITLE AREA CODE - UCH - NO. - EXT.

19. How many person-hours were required to complete this form?

6

P

HOURS MINUTES
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APPENDIX C

INSTRUMENT DATA SHEET

C-1
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Please review the identifying data (from your institutions central Inventory records) in the page.) ID BOX and make any
needed cm-Fallen@ or additions. with special attention to items F (YEAR OP PURCHASE) and C (INSTRUMENT PURCHASE
PRICE).

BEE PAGE 1 FOR DEFINMON OF ALL BOLDFACE TERMS

3. Where was this Instrument located during 1343 when In rat (CHECK ONE)

1 Inactive or komarable tteougtout 1011 (SW TO ITEM IT)

LI 3 Lab or facility used almost exclusively foe undeegradate instruction or other nom:search activity (SKIP TO
ITEM 17)

.1 National. regional. or interuniversity research instrumaitation lob (CONTINUE TO ITEM 3)

I_I 4 Norsdeparunental research facility (CONTINUE TO TM 3)

I_I S Department-menaged common lab or research instrumentation facility (CONTINUE TO ITEM 3)

Withindepartrnent research kb of principal Investigator (CONTINUE TO ITEM 3)

Other (SPECIFY)

3. Does this Instrument have any DEDICATED ACCESSORIES not Included In the INSTRUMENT PURCHASE PRICE (from ID
BOX. Item crr (See page I definitions of key terms)

I Yes 311.- 3a. Estimated eggrepte porches. pries of all DEDICATED
ACCESSORIES not included in ID BOX item G.

I_I 3 No 3b. Please describe and estimate the pretest mice foe each separately purchased DEDICATED
ACCESSORY costing 210.003 or owe. (If addition.) space Is needed. continue In
Question IT or attach separate continuation sheet.)

Description of accessories $10.000 or more Purchase cost

1.

2.

3.

4.

4. Year instrument acquired at this institution:

If

S. ACQUISITION COST for this Instrument and its
accessories (see pegs 1 definition):

Instrument acquisition cost

Aeeessory acquisition cost

S Total

S. Estimated REPLACEMENT COST foe Has instrument
and Its accessories (me page I definition).

S Instrument replacement cost

Accessory replacement cost

Total
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7. How was this Instrument acquired at this institutkica
(CHECK ONE)

1_1

11

IJ

1 J

I_1

6

8

Purchased new

Purchased used

Locally built (al JO for this institution)

Transferred from another Institution. e.g.. by
Incoming faculty member (SKIP TO ITEM 9)

Government wsplus (SKIP TO ITEM 9)

Donated new (SKIP TO ITEM 9)

Donated used (SKIP TO ITEM 9)

Other (SPECIFY)

9. How much was spent for maintenance and repair (not
for operation) of this instrument and its aceessorsa
in 1933?

8. Soiccels1 orfunds for acquisition of this Instrument
(and accessorIes) at this institution. (SPECIFY AP-
PROXIMATE PERCENTAGE CONTRIBUTION TO
TOTAL ACQUIS2T1ON COST FOR EACH APPLICABLE
SOURCE.)

Funding
contribution
(percent) Furictine source

Federal sources:

NSF (National Science Foundation)

NIH (National Institutes of Health)

DOD (Department of Defense)

DOE (Department of Ewa)

USDA (Department of Agrieulture)

Other Federal sources (SPECIFY):

Non - Federal sources:

Institution or department funds

State grant or spprocelatkel

Private nonprofit foundation

Business or industry

Other (SPECIFY)

100% Total

10. Means of servicing (maintenance/repair) this instrument
during 1913: (CHECK ALL THAT APPLY)

I_1 1 None required

LI 2 Service contract

1_I 3 Field service. as needed

1_1 4 Institution-employed maintenance/repair staff

11 S Ramat personnel (faculty, students.
ocabdoes)

I _I 6 Other (SPECIFY)

11. instrument's general waiting condition donne 19113
(CHECK ONE)

II 1 Excellent

I I 2 Average

I I 3 Poor (e.g.. unreliable. frequent tretkdowns.
difficult to maintain or service)

J a Inoperebte entire year

12. Research function of this instrument doing 1933.
(CHECK ONE)

I I 1 Mont advanced Instrument of its kind that
Is accessible to those who use It In their
research

1_1 2 Used for research; more advanced instru.
merits are available to users when needed

3 Not used for research during 1483

13. Technical capabilities of this instrument (Le.. the base
instrument. excluding woo:cies) (CHECK ONE)

11 1 State.of.the-art (most highly developed and
scientifically soishistkated instrument avail-
able)

2 Adequate to meet researcher needs

1_1 3 inadequate for research (PLEASE EXPLAIN):



Teeniest capabillUes of instrument's current acces-
sories. (CHECK ONE)

1_1 I Not applicable - Instrument does not have
accessories

is 1_1 2 State-e-the-ert (most highly developed and
scientifically sophisticated available)

1_1 3 Adeqaate to met resent-her needs

1_1 4 Inademmte for research (PLEASE EXPLAIN)

905

O. In 1313. was this a general mcpose instrument within
en area of research or was It dedicated for a retic-
ular experiment or sales of experiments? (CHECK
ONE)

1_1 1 General purpose (SKIP TO ITEM 14)

1_1 2 Dedicated

`f
ISe. Did this involve any special calibra-

tion. programming or other modifica-
tion which rendered the instrument
unsuitable for general purpose use?
(CHECK ONE)

1_1 I Ya

11 2 No

It How many research Investigators mark we of this Instrument for research purcoses during 1923 (ESTIMATE
APPROXIMATE NUMBER IN EACH APPLICABLE CATEGORY)

I Faculty c...1 ecarivelent nonfecully researchns, this deputraentrfacUlly

2 Graduate and medical students and postdoctorates. this department/facility

3 Faculty and equivalent nonfecully researchers, other departments, this university

4 Graduate and medical students and postdoctoral's. other departments, this university

S Researchers from other universilks

g iroriecademie researchers

7 Other (SPECIFY)

Total number of research uses

Igo. instrument's principal Reid of research use in I9S3 (e.g.. geology. Omfbaia. ;ant pathology. pharmacology:

17. Please note in space below: (a) Any additional information needed to clarify the Allure. function and quality of this
instrument. or (0) any stioyestiors to improve this questionnaire or Its instructions.

It. ? -..rota who prepared this submission:

NAME AND TITLE AREA CODE - EXCH - NO - EXT

19. How many person-hours were Nestled to complete this form?

HOURS MINUTES
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APPENDIX D

ADVISORY GROUP, PHASE II SURVEY

D-1
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Phase II Advisory Group-

Dr. Michael Beer
Department of Biophysics
Jenkins Hall, Rm. 41t.
The Johns Hopkins University
Charles and 34th Streets
Baltimore, MD 21218

Dr. Elkan R. Blout
Professor of Biological

Chemistry
Department of Biological

Chemistry
Harvard Medical, School
Boston, HA '02115

Dr. Colin Bull
Dean, College of Mathematical

and Physical Sciences
Ohio State University
Columbus, OH 43210

Dr. Brian Chabot
Associate Director
Office for Research
Agricultural Experiment
Cornell University
292 Roberts Hall
Ithaca, NY 14853

53-277 (915)

Dr. Murray Eden
Chief, Biomedical Engineering

and Instrumentation
National Institutes of Health
Bldg 13
3W13
Bethesda, MD 20205

Dr. Larry Vanderhoef
Office of the Chancellor
573 Mrak Hall
University of California - Davis
Davis, CA 95616

Dr. John Williamson
Professor of Biochemistry

and Biophysics
8601 Biology Building/G2
University of Pennsylvania
Philadelphia, PA 19104

Dr. Ian Jardine
Department of Pharmacology
.Mayo Foundation

Station 200 1st Street, S.W.
Rochester, MN 55905

O
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